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'

|

b
This report providea thermophysical properties data for
att ferroue structural attoys used in the construction of
Code-stamped nuatear componente and unfired preesure vessele.
Properties include themat diffucivity, themat conductivity,
specific heat, and themal expansion (inatantaneoue, mean,
and linear). -Tables are provided for each materlat covering

. temperaturee from room temperature to 5700*? (927T). Appended
to the refort are tabica correlating nominal composition
designatione and Unified Numbering system (UNS) numbere with
ASME apecification numbers, and vice versa.
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THERM 0 PHYSICAL PRODER? i'

0F

FERROUS STRUCTUR AL ALLOYS

R. A. Moen

I. INTRODUCTION

Data on thermophysical properties are essential for the design and
analysis of components that operate at elevated temperatures. The

Nuclear Systems Materials Handbook (NSMH) Program, among others,

provides such data through a thorough assessment of design data /
materials properties requirements. The purpose of this document. is to

,

report on what was done to meet those requirements.

II. BACKGROUND

L

Nuclear system components are generally Code-stamped items. This

means that they were designed, constructed, and tested in accordance
with rules established by the American Society for Mechanical
Engineers |( ASME): Boiler; and Pressure Vessel Code. The design process

requires use of several thermophysical properties including thermal
conductivity, thermal diffusivity, and thermal expansion. Although-

values of specific heat are not generally used in Code design, they
are required in other performance analyses. Some disagreements exist

with respect to the precision required of these properties, but the
,

f act remains that recommended values must be provided for every

material used in construction.
.

Nuclear plants, whether they be . light water reactors, sodium or gas-
cooled breeders, or fusion reactors, are all constructed using a large

t' variety of common ferrous ' structural material' Neither the ASME
Boiler and Pressure Vessel Code 'nor the Nuclear Systems Materials
Handbook provides adequate thermophysical properties data for all of

,

1

1
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the structural materials used or envisioned for use. Recognizing this
'

apparent gap in the available data base, Westinghouse Hanfcrd Company '

contracted with the Center for Information and Numerical Data Analysis
and Synthesis (CINDAS) to develop the required properties data.

CINDAS has, as part of its overall operation, the Thermophysical
Properties Research Center (TPRC). This Center, located at Purdue

|
University, maintains an international data base containing over
70,000 unclassified technical papers from wcrldwide sources. CINDAS

was selected for this work on thermophysical properties of ferrous
- structural materials, b'ecause of its close association with the '

National Bureau of Standards and because of the obvious need to
-synthesize values where data are essentially nonexistent.

III. SCOPE

,

The contract work was initially scoped to include only those materials
originally identified through the NSMH program. Because of the
matrix-type approach used by CINDAS, it was possible to include

several additional materials in the study to basically complete the
task for nearly every ferrous structural material that might ever be
used in the construction of a nuclear plant. In essence, this study
eventually encompassed all ferrous materials included within Section
III and Section VIII, Division 2 of the ASME Boiler and Pressure
Vessel Code.

Eighty different ferrous structural materials were ultimately included
in this study. It will become apparent later in the report that one
composition can represent several alloys, e.g. 18 Cr - 8 Ni represents
AISI 302, 303, 304, 304H, and 304L stainless steels. The following is
a--listing of the materials included, by major category: -

2
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CARBON STEELS.i

A1511010 steel
Plain carbon steels

Carbon - silicon steels
Carbon - manganese stecisl

Carbon - manganese - silicon stee s
Carbon

1/2 molybdenum steel i

LOW ALLOY STEELS
.

!

Chromium Steels -

1 Cr 1/2 Mo V

1 Cr 1 Mn-1/4 Mo

1/2 Cr 1/5 M e 1/2 Mo

1/2 Cr 1/5 Mo V
1 1/4 Cr 1/2 Mo-Si

1/2 Cr - 1/4 Mo-Si 13/4 Cr 1/2 Mo-Cu

1/2 Cr 1/2 M 2 Cr 1/2 Mo

1/2 Cr 1/2 Ni-1/5 M 3& 1Mo

1/2 Cr
11/4 Mn Si

5 Cr 1/2 Mo

3/4 Cr 1/2 Ni-Cu /2 2 -Si-

3/4 Cr 3/4 Ni-Cu-Al 5 Cr 1/2 Mo Ti

1 Cr V
7 Cr 1/2 Mo

1 Cr 1/5 M 9y,ig
1 Cr 1/5 Mo-Si

^ 1 Cr 1/2 Mo
. - Manganese Steels -

Mn ' /2 Mo 1/4 Ni

Mn 1/2 Mo-1/2 Ni
Mn V

Mn 1/2 Mo 3/4 Ni
Mn 1/4 M

Mn 1/2 Mo

s

3
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.
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i

- Nickel Steels -
1/2 Ni - 1/2 Mo-V i

1/2 N1 - 1/2 Cr-1/4 Mo-y
3/4 Ni - 1/2 Mo-Cr-V - 1 Cu

3/4 Ni - 1/2 Cu-Mo 2 Ni - 3/4 Cr-1/4 Mo i

3/4 Ni - 1/2 Mo-1/3 Cr-V 2 NI - 3/4 Cr-1/3 Mo
3/4 Ni . 1/2 Cr-1/2 Mo-V
3/4 Ni - 1 Mo-3/4 Cr /

1 Ni - 1/2 Cr-1/2 Mo N1 - 1 3/4 Cr-1/2 Mo-V
1 1/4 N1 - 1 Cr-1/2 Mo 5 N1 - 1/4 Mo-

1 3/4 Ni - 3/4 Cr-1/4 Mo
"I

- Other Low Alicy Steels -

1 1/2 Si - 1/2 Mo

HLGH ALLOY . g
12 Cr

,

12 Cr - IAI
13 CR 18 Cr - 10 Ni-Cb
13 Cr - 4 N1 18 Cr.- 10 Ni-T1
15 Cr 18 Cr - 11 Ni

16 Cr - 12 Ni-2 Mo 18 Cr - 13 Ni-3 Mo
16 Cr

12 Ni-2'Mo-N 18 Cr - 18 N1-2 Si.

17 Cr 19 Cr - 9 Ni-Mo-W
17 Cr - 4 Ni-4 C: 22 Cr - 13 Ni-5 Mn
18 Cr - 5 Ni-3 Mo 23 Cr - 12 Ni
18 Cr - a y; 25 Cr - 12 Ni
18 Cr 8 Ni-N 25 Cr - 20 Ni

Cr

28 Ni - 19 Cr-Cu-Mo

4
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Properties included within this study are:
thermal conductivity

.

thermal diffusivity
.

,

70 F)specific heat
mean coefficient of thermal expansion (from

~

,

instantaneous coefficient of thermal expansion
.

linear thermal expansion (from 70 F)
.

'

0
temperature (70 F)

.

Temperatures addressed in this study ranged from roomProperty values are gener-
to as high as 1700 F for some materials.0 -

0 t for those
ally listed at 50 F intervals beginning at 100 F, exceprty is undergoing rapid
materials / property combinations where the prope0 t val. In those

and significant changes within a given 50 F in er0 it vals.
instances, properties may be provided in 10-25 F- n er

i ing units.

The properties and temperatures are reported in eng neerto use the
Recognizing that some users of these data will wanth following
equivalent. International System (SI) of units, t e ,

. conversions are provided:
Factor

_onversionC
Quantity t 32

t *
~

F to C C 1.8U0

Temperature.
8tu

-- to h h = 1.7307 x - 9hr ft F"
Thermal conductivity br ft FO

= 2.58 x 10-5
m~

*
m

to
Thermal diffusivity ' Btu

J
p = 4186.8 xJBtu to p

..

Specific heat

3(_
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- MGH ALLOY _ STEELS (Cont 'd) -
Quant _i_tyn

Conversion
F_ actor

Linear thermal expansion
in. to *~

ft m *
IA= 83.33 x ftInstantaneous coefficent

m
O '1

of thermal expansion F to O ~I !_

K O -I
K = 0.555 x 0 '1F

Mean coefficient of 0 -1thermal expansion F to K O -1
,

O

K = 0.555 x 0 -1F

IV. METHODOLOGY

The personnel at CINDAS first searched th i
information on materials whose compositi e r accumulated data base for
this contract.

sequently reported to the Westinghouse Hanfo d CThis information was compiled, evaluatedons matched those included in, and sub-

graphs, tables, and supporting documentationompany in the form of
r

tation included references, assessmentThe supporting documen-

,

.

- estimated uncertainties associated with each pros of available data sets, and
instances where essentially no data were fperty. In those

compositions, a snythesis approach was used toound _ for specific alloy
guess" of the property. _

make an " educated
nation of the theoretical' property values fSynthesis basically involved first a det

,

ermi-
individual elements conprising the alloyrom contributions of,

curve was adjusted to agree or correspond withSecondly, this resultant
.

actual test results from similar alloys.curves representing
'

followed by actual tests on the material fThis. technique, when
been synthesized, has proven to be very effor which properties have

ective and accurate. The

6
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f act that the National Bureau of Standards sanctions this technique
for much of their reference work on thertrophysical properties lends
further credibility.

V. RESULTS

Appendix A provides one page for each of the 80 compositions, listing
the six properties identified in the SCOPE section of this report.
All results should be considered as nominal or representing the mean .

property .value for average material within that composition range. In -

some cases, the tables of linear thermal expansion portray different
values for cooling measurements. This results in c hysteresis-type
behavior and is probably due to unsuitable heating and cooling rates
being used near the phase transition temperature. CINDAS warns that

the-tabulated values in these temperature regions are very uncertain.

- Appendix B provides a correlation between the composition designations
used in Appendix A and -actual alloy designations, specification, and
assigned Unified Numbering System (UNS) numbers where they exist.

Appendix C lists the' ASME specifications / grades versus the compo-
sitions in the same order that they appear in Section II, Part A of

_

the ASME Boiler and Pressure Vessel Code. These numbers correspond

-directly with ASTM specifications by simply deleting the "S" from the
"SA" prefix.

VI. DISCUSSION

Estimated uncertainties of 110% are generally associated with most of-

the tabulated values. These uncertainties tend to increase at higher
temperatures, particularly approaching any phase transformation-

temperatures. Uncertainties as low as 15% were estimated in a few
- cases, particularly. near -room temperature for well characterized

. materials.

7
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The' tabulated property values may also be used to estimate densities
for corresponding materials. This may be accomplished by using one of
the following relationships:

' Density at temperature T (D ) = thermal conductivity divided byF

the product of thermal diffusivity and specific heat at
temperature T (O ).F

or
.

Density at temperature T (O ) = density at room temperatureF

0
(70 F) divided by the quantity 1 + 3a ,(T-70) , where a ,
is the mean coefficient of thermal expansion at tenperature T
(g).F

These two methods may produce different results, primarily because
different data bases are generally involved. Emphasis is placed on
the fact that these techniques are to be used for apprcximation with'

the latter technique probably producing the most reliable results.

L Values of linear thermal expansion and mean coefficient of thermal
expansion, shown in Appendix A, are related through the following
equation:

Linear thermal expansion at temperature T ( F) = the
product of the mean coefficient of thermal expansion at

'

temperature T ( F) and the quantity (T-70), where T
is in F.

1

The -values for linear- thermal expansion, when calculated from values

of mean coefficients, may not agree in the last decimal place with the
values shown in Appendix A. The reason is that the tabulated values-

of linear thermal expansion _were first plotted by CINDAS, through
L which a smooth curve was passed, and then values were tabulated.
1
.
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iec,

Appendixes B and C include reference to 21/4 Cr-1 Mo and A-286 (26
Ni-15 Cr-2Ti steel even though they were not included in this study.
Thermophysical properties for these material are given in the NSMH,

Although the properties provided in this report are directed toward
-elevated temperature nuclear systems, they are equally applicable for
nonnuclear applications. Basic properties of materials remain the
same regardless of their end use.

'
,

VII. SUMMARI -

-The results provided in this report are unique in that they represent
the first comprehensive assessment of thermophysical properties on
such a-broad spectrum of materials. P. tover, they provide the means
to match a set of thermophysical properties to a material-described
only by specification rather than by generic name or composition.

.

4 .
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|
. PLAIN CARBON STEEL'

!
(Mn 5.1.0% and 51 $0.101)

.

Instantaneous- Mean
Coefficient of Coefficient of'~

' Thermal- Therm 1 Linear - Thermal Lineae Thermal Linear
1

.

' Terperature Thermal'(Stu hr f di.}tig ty Off{usivjty SpecificHeap).
-

bpa sieg(10 j F-*) bpaystg-) (10yansionin ft-1}
b

(F) ft* F ) (ft br- ) (8tu Ib- F (10 F

- 70 15.1 0.695 0.103 6.41- -- 0.00
100 34.7 0.674 0.105 6.53 6.50 0.24
150 34.1 0.645 0.108 6.73 6.57 0.64
200 33.6 0.613' O.112 6.93- 6.67 1.04
250 32.9 0.5R5 0.116 7.12 6.77 1.a5

300 32.3' O.561 0.112 7.30 6.87 1.90350 31.6 0.534 0.121 7.49 6.98- 2.36400 30.9 0.512 0.124 7.66 7.07' 2.81' '
450-- 30.3 0.495 0.126 7.8C 7.15 3.25500 29.5- 0.472 0.128 8.03 7.25 3.74

550 28.8 0.453 0.130 8.21 7.34 4.22600. 28.0 0.433 0.132 8.35 7.42 4.68
i

650. 27.3 0.414 0.136 8.51 7.52 5.~3700 '26.6 0.394 0.140 8.64 7.59 5.s
750 25.9 0.374 0.144 8.78 7.68 6.

? 800 25.2 0.355 0.148 8.90 7.76 6.80*
850 24.5 0.335 0.152 9.04 7.85 7.30900 23.8 0.317 0.155 9.13 7.89 7.86950 23.1 0.301 0.160 9.22 7.98 8.411000 22.4 0.282 0.166 9.30 8.05 8.99

1050 21.6 0.265 0.170 9.39 8.13 9.%1100' 20.9- 0.250 0.175 9.45 8.19 10.13
1150 10.2 0.234 0.181 9.51 8.27 10.72; 1200 19.5 0.218 0.188 9.56 8.32 11.281250- 18.7 0.197 0.199 9.59 8.36 11.83

,

1300' 19.0 0.180 0.210 9.62 8.37 12.35
1350- 17.2 0.134 0.2% 8.30 12.80----

1400 16.4 0.082 0.420* ---- 8.14 13.00
1450 15.9 0.147 0.228 ---- 7.90 13.08'500- 15.7 0.162 0.204 ---- 7.56 12.97

1550 15.7 0.167 0.198 --- 7.11 12.621600 15.5 0.173 G.190 --- 6.94 12.74
1650 15.4 6.92 13.I3---

1700 ---- . - - - --- --- 7.04 13.76

* btrapolated value.

.
r

O
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,

Mean

Instantaneous . Coefficient of Thermal Linear -
Coefficient of . Thermal Linear En

' CAI30N SILICON STEEL 0.10%<Si 5 0.601)-
Thermal Lir, ear Expajsicy) (10gansionInftI),

F-
Expajsiog| (10 0.9, Mn f 1.0% an(t Thermal ' 5pecificHeaf) (10 0.21

F-(
F

Off{usivjtyhr- ) '
--

(StuIb- 5.60 5.73 0.57
Therma 1 }ondugtigty (ft 0.106 5.83 5.91 0.95ft- F )Tenperature (Btuhr- 0.582- 0.108 6.20 6.09 1.35

(F) '30.0 0.567 0.112 6.55 6.27

70 29.9 0.544 0.116' 6.88 |1.77

100 29.6~ 0.521 0.119 6.43 2.22

150 29.2 0.502 7.18 6.59 2.57

200 28.9 0.122 7.47 6.74 3.14

0.481 0.125 7.73 .6.89 3.64
250-

28.4 0.464 0.128 7.97- 7.06

300 28.0 0.447 0.131 8.18 4.15

350 27.6 0.430 0.133 7.18 4.63

400 27.1 0.414 8.38 7.28 5.15

450 26.6 0.136 8.55 T.40 5.69

0.398 0.138 8.70 7.51 6.22
500

26.1 0.385 0.141 8.83 7.61

550 - 25.6 0.370 0.145 8.94 6.76

600 25.1 0.355 0.149 7.71 7.30

650 24.6 0.337 9.02 7.80 7.83

700 24.0 0.152 9.09 7.S6 8.36

0.323 0.156 9.13 7.92 8.93
750

23.5- 0.309 0.160 9.16 8.00

800 23.0 0.296 0.164 9.19 9.50

P 850 22.5 0.281 0.169 8.08 10.03

900 21.9 0.267 9.23 8.12 10.62
'" 11.16

950 21.4 0.174 9.26 8.21
8.24 11.69(11.44)**0.252 0.180 -

1000 0.236 0.188 8.29
20.8 12.23(11.16)

-

1050 20.2 0.221 0.195

1100- 19.6 0.206 0.205 8.31 12.60(10.74)
-

8.21 12.28(10.82)
| ', 1150 19.0 0.189

1200 18.3 0.216 7.73 11.81(11.17)
, -

7.13 11.83(11.64)
--

0.172 0.236 -

1250 6.90
17.6 0.151 0.420*

12.19(12.17)
-

1300 16.8 0.082 0.244 --

1350 16.2 0.137 0.184 6.89 12.79

1400- 15,7 0.180 6.% 13.44-

7.08 14.12
1450 15.6 0.168 -

0.197 0.167 7.20-

1500 0.197 -

-15.5
--

1550 15.4 - -

1600 15.4
-

,

1650'
-

1700-

for cooling measurements.
* Extrapolated valuec.** Values in parentheses are

_ _ _ i 1
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CARB O-MAMGANESE STEEL

_(1.0% < le 5 1.35% and 51 5 0.10%)
Instantaneous Mean

Coefficient of ' Coefficient of
Themal Thermal Linear Thermal Linear Thermal Linear || Teg erature Thermal fdu{tivjty Dif{usivj)ty- SpecificHeg) (10jstop) (10-0Fy) (10gansionin ft-11 ;

Expa Expapsic E
'

| ( F) (Btu hr- ft- F ) (ft br- (8tu lb- F F- -

| -

)1 70- 27.5 0.529 0.103 6.41 0.00 i
----

; 100 27.6 0.512 0.105 6.53 6.50 0.24l 150 27.6 0.4% 0.108 6.73 6.57 0.64| 200 27.6 0.486 0.112 6.93 6.67 1.04|
250 27.4 0.467 0.116 7.12 6.77 1.45

300 27.2 0.453 0.118 7.30 6.87 1.90350 27.0 0.440 0.121 7.49 6.98 2.36400 26.7 0.428 0.124 7.66 7.07 2.81450 26.3 0.413 0.126 7.84 7.15 3.25500 25.9 0.398 0.128 8.03 7.25 3.74
| 550 25.5 0.387 0.130 8.21 7.34 4.22 '

i

i 600 25.0 0.374 0.132 8.35 7.42 4.68i 650 24.5 0.360 0.136 8.51 7.52 5.23! 700 24.0 0.346 0.140 8.64 7.59 5.74 !750 23.5 0.332 0.144 8.78 7.68 6.26 1

P 800 '23.0 0.318 'O.148 8.90 7.76 6.80m 850 22.6 0.305 0.152 9.04 7.85 7.30 l

;

| 900 22.1 0.291 0.156 9.13 7.89 7.86 !
} 950 21.5 0.277 0.160 9.22 7.98 8.411000 21.0 0,263 0.166 9.30 8.05 8.99

.

1050 20.5 0.249 0.170 9.39 8.13 9.56
!

, 1100 19.9 0.237 0.175 9.45 8.19 10.13| 1150 19.3 0. 21 9 0.181 9.51 8.27 10.72 ;I 1200 18.7 0.202 0.188 9.56 8.32 11.28 \ '

i 1250 18.0 0.184 0.199 9.50*' 8.36** 11.83 "
| 1300 17.1 0.159 0.220 9.62 ** 8.37** 12.35 " i'

1350 16.2 0.122 0.270 --- 8.30** 12.80 " |1400 15.6 0.078 0.420* 8.14 * 13.00** -

1450 15.2 0.155 0.206 --- 7.90 " 13.08 "
| 1500 15.1 0.169 0.188 7.56 12.97---

! 1550 15.1 0.175 0.182 7.11 12.62----

1600 15.3 0.179 0.180 - - - 6.94 12.74! 1650 15.4 1

1700
--- 6.92 13.13 i

7.04 13.76 |,
-- ---

|' * Extrapolated values.
i

**These values are for measurements with increasing temerature and may possibly be lower for maasurewnts with dacreasing
teg erature.,
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CARB O-MANGANESE-SILIC O STEEL
(1.0% < Pb 51.65%. and 0.10% < 51' 5 0.60%)

Coefficient of Coefficient of
' Thermal

Thermal'
_

Thermal Linear Thermal Linear Thermal Linear
: Tenperature

-(8tu hr f dugtivjty Dif{usivjty SpecificHea{) Expa sig- ) - Expagsig- ) (10gansionin'ft-I)
Ex(10j F (10 F(F) ft- F- ) (ft br- ) (Btu lb- F_

70 - 23.6 - 0.454 0.103 5.42 0.00---

100 23.9 0.443 0.105 .5.65 5.53 0.20
150 24.2 0.433 0.108 6.03 5.71 0.55
200 24.- 0.422 0.112 6.39 5.89 0.91
250. 24.- 0.414 0.116 6.73 6.09 1.32

300 24.4 0.406 0.118 '7.04 6.26 1.73
'350 24.3 0.3% 0.121 7.33 6.43 2.16
400 24.2 0.386 0.124 7.60 6.61 2.63
450 23.9 0.375 0.126 7.85 6.77 3.10
500 23.7 0.364 0.128 8.07 6.91 3.58

'550' 23.4 0.355 0.130 8.28 7.06 4.08
600 23.1 0.346 0.132. 8.46 7.17 4.54
650 22.7 0.333 0.136 8.62 7.30 5.09
700 22.4 0.320 0.140 8.75 7.41 5.59
750 22.0 1308 0.144 8.87 7.50 b.10

? 800 21.7 0.298 0.148 8.% 7.59 b.63"
850 -21.2 0.286 0.152 9.03 7.69 7.19
900 20.9 0.274 0.156 9.08 7.77 7.70
950' 20.5 0.262 0.160 9.11 7.86 8.24

1000 ~20.0 0.248 0.166 9.16 7.94 8.81

1050 19.6 0.237 0.170 9.19 8.01 9.38
1100 19.2 0.228 0.175 9.22 8.07 9.92
1150 18.7 0.213 0.181 ---- 8.16 10.55(10.33)a
1200 18.2 0.197 0.188 ---- 8.24 11.16(10.54)
1250 17.5 0.179 0.199 --- 8.25 11.67(10.46)

1300 16.7 0.155 0.220 ---- 8.21 12.10(10.15)
1350 15.8 0.119 0.270 ---- 7.85 12.07( 9.88)
1400 15.3 0.077 0.420* ---- 7.35 11.t,6(' 10. 32 )
1450 15.1 0.154 0.206 --- 6.91 11.44(10.94)
1500 15.1 0.169 0.188 ---- 6.80 11.71(11.62)

1550 15.1 0.176 0.182 - - - 6.94 12.31
1600 15.3 0.179 0.180 - - - 7.10 13.02
1650 15.4 - - - ---- 7.27 13.78
1700 7.42 14.54.---- -- ---

* Extrapolated value.
** Values in parentheses are for cooling measurements.

.



!

C - 1/2 Mo STEEL
Instantaneous . Mean

Coefficient of Coefficient of
. . Thermal Thermal Linear Thermal Linear Thermal Linear

.Tenperature Thermalfdu{tivjty 'Dif{usivjty SpecificHea{) Expa sig- ) Expagstog)
Expansion ;(10 j F (10 F- (10-4 in ft-l) '(F) (Btu hr- ft- F- ) .(ft br-a) (Stu lb- F_i.

i-
70 : 24.8 'O.482 0.105 5.60 ---- 0.00,

. 100 25.0 0.477' O.107 5.83' 5.73 0.21' -

150 25.3 0.469 0.110 6.20 5.91 .0.57,

'

200 25.5 0.460 - 0.114 6.55 6.09 0.95
250- 25.5 0.448 0.117 6.88 6.27 1.35 1i

| 300 .25.5 0.437 0.120 7.18 5.43 1.77'

.350 25.4 0.425 0.123 7.47 6.59 2.22
i 400 25.3 0.413 0.126 7.73 ' 74 2.67.

450 25.1 0.402 0.129 7.97 4.89 3.14
500 24.8 0.389 0.131 8.18 7.06 3.64

|..
550 24.5 0.378 0.134 8.38 7.18 4.15
600 24.2 0.367 0.136 8.55 7.28 4.63
650 23.8 0.354 0.139- 8.70 7.40 5.15 -

~700 23.4 0.341 0.142 8.83 7.51' 5.69
750 23.0 0.327 0.146 8.94 7.61 6.22

! |

| 800 22.6 0.314 0.149 9.02 7.71 6.7b
2 850 22.2 0.301 0.153 9.09 7.80 7.30

L in 900 21.8 0.288 0.158 9.13 7.86 7.83
i 950 21.3 0.274 0.162 9.16 7.92 8.36 ;
i 1000 20.8 0.261 0.166 9.19 8.00 6.93 '

,

i 1059 20.3 0.247 0.172 9.23 8.08 9.50
7100 19.8 0.234 0.177 9.26 8.12 10.03
1150 19.2 0.219 0.184 --- 8.21 10.62
1203 18.6 0.204 0.191 ---- 8.24 11.16
1250 17.8 0.186 0.201 - - - 8.29 11.69(11.44) "

1300 16.8 0.165 0.213 ---- 8.31 12.23(I1.Ib)
1350 16.0 0.143 0.236 ---- 8.21 12.60(10.74)
It00 15.4 0.077 0.420* ---- 7.73 12.28(10.82)
145C 15.0 0 128 0.248 7.13 11.81(11.17)
1500 14.9 0.198 0.160 - - - 6.90 11.83(11.64).

1550 '15.1 0.229 0.139 6.89 12.19(12.17)----

1600 15.3 0.234 0.138 --- 6.% 12.79
1650 15.5 ---- ---- --- 7.03 13.44
1700. ,'

---- --- ---- --- 7.20 14.12 i

* Extrapolated values.

** Values in par,mtheses are for cooling measurements.
-
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1/2 Cr - 1/5 No STEEL
Instantaneous Mean

; - Coefficient of Coefficient of -
. Thermal Thermal Linear Thermal Linear Thermal LinearTecperature Thermal f duytiv{ty Difjusiv{ty Specif f t. Hea{) Expajsig- ) hpasig-) (10gansienin ft-1)

b(10 j F(F) (8tu br- ft- F ) (ft br- ) (Btu Ib- F- (10 F

70 25.6 0.497 0.105 5.60 ---- 0.00
100 25.6 0.489 0.107 5.83 5.73 0.21'

150 25.5 ' O.474 0.110 6.20 5.91 0.57
200 25.5~ 0.459 0.114 6.55 6.09 0.95
250 25.3 0.444 0.117 6.88 6.27 1.35

300 25.1 0.429 0.120 7.18 6.43 1.77
350 24.8 0.415 0.123 7.47 6.59 2.22
400 24.6 0.401 0.126 7.73 6.74 2.67

'

450 24.3 0.388 0.129 7.97 6.89 3.14
500 23.9 0.375 0.131 8.18 7.06 3.64

550 23.5 0.363 0.134 8.38 7.18 4.15
i 600 23.1 0.350 0.136 8.55 7.28 4.63

650 22.8 0.339 0.139 8.70 7.40 5.15700' 22.4 0.326 0.142 8.83 7.51 5.69
750 22.0 0.313 0.146 8.94 7.61 6.22.

' 800 21.6 0.300 0.149 9.02 7.71 6.76
T- 850 21.2 0.288 0.153 9.09 7.80 7.30' e 900 20.8 0.275 0.158 9.13 7.86 7.83'

950 20.5 0.264 0.162 9.16 7.92 8.36 i
1000 20.1 0.251 0.166 9.19 8.00 8.93

'
1050 19.7 0.240 0.172 9.23 8.08 9.50
1100 19.3 0.227 0.177 9.26 8.12 10.03

-1150 18.9 0.215 0.184 8.21 10.63
1200 18.4 0.201 0.191 ---- 8.24 11.16
12'>0 17.8 0.186 0.201 ---- 8.29 11.69(11.44)**

,

1300 11.0 0.168 0.213 8.31 12.23(11.10)- - -

1350 15.7 0.140 0.236 8.21 12.60(10.74)----

1400 15.3 0.077 0.420* ---- 7.73 12.28(10.82)1450 15.2 0.129 0.248 ---- 7.13 11.81(11.17)1500 15.1 0.201 0.160 ---- 6.90 11.83(11.64)

1550 15.2 0.230 0.139 6.89 12.19(12.17)----

1600 15.3 0.234 0.138 6. % 12.79---

1650 -- ---- ---- --- 7.08 13.44
1700 - - - ---- ---- 7.20 14.12 (

* 6 trapolated values.

** Values in parentheses are for cooling measurements.

.
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1/2 Cr - 1/5 Mo - V STEEL
" Instantaneous Mean
Coefficient of Coefficient of

Thermal .'
Thensal

. Thermal Linear ' Thermal Linear Thermal Linear
Temperature '(8tu hr f dugtivjty Off{usivjty Specificyaj) Expagsig- ) Expajsig- ) (10 gansionin ft-1)

Ex
(F) ft- F- ) (ft br- ) (Btu n r (10 F (10 F

;

70 25.4' O.493 0.105 5.60 0.00----

100 25.4 0.485 0.107 5.83 5.73 0.21
150 25.4 0.470 0.110 6.20 5.91 0.57
200 25.3 0.455 0.114 6.55 6.09 0.95
250 25.1 0.440 0.117 6.88 6.27 1.35

300 24.9 0.427 0.120 7.18 6.43 1.77 I

350 24.7 0.412 0.123 7.47 6.59 2.22
400 24.4' O.393 0.126 7.73 6.74 2.67
450 24.1 0.386 0.129- 7.97 6.89 3.14
500 23.8 0.373 0.131 8.18 7.06 3.64

550 23.4 0.361 0.134 8.38 7.18 4.15
600 23.1 0.349 0.136 8.55 7.28 4.63
650 22.7 0.338 0.139 8.70 7.40 5.15
700 22.3 0.324 0.142 8.83 7.51 5.69 ,

750 21.9 0.312 0.146 8.94 7.61 6.22

800 21.5 0.299 0.149 9.02 7.71 6.76
T' 850 21.1 0.286 0.153 9.09 7.80 7.30 .

G 900 20.7 0.274 0.158 9.13 7.85 7.83
950 20.4 0.262 0.162 9.16 7.92 8.36 i

1000 20.0 0.250 0.166 9.19 8.00 8.93

1050 19.6 0.239 0.172 9.23 8.08 9.50 '1100 19.2 0.227 0.177 9.26 8.12 10.03
1150 18.8 0.215 0.184 - - - 8.21 10.67
1200 18.4 0.201 0.191 ---- 8.24 11.16
1250 17.9 0.188 0.201 --- 8.29 11.69(11.44)**

1300 17.0 0.167 0.213 8.31 12.23(11.16),

1350 15.7 0.140 0.236 8.21 12.60(10.74)---

1400 15.3 0.077 0.420* ---- 7.73 12.28(10.82)
; 1450 15.2 0.129 0.248 ---- 7.13 11.81(11.17)'

1500 15.1 0.200 0.160 6.90 11.83(11.64)

1550 15.2 0.230 0.139 --- 6.89 12.19(12.11)
1600 15.3 0.234 0.138 ---- 6. % 12.79
1650 - --- --- 7.06 13.44
1700 - - - --- -- ---- 7.20 14.12

* Extrapolated values.
**Walues in parentleses are for cooling measurements. i
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.

1/2 Cr - 1/5 Mo - 51 STEEL. -

Instantaneous &an
Coefficient of Coefficient of,

Thermal Thermal Linear Thermal linear Thermal Lineer
Teccerature. Thermal b'(Btu hr f 6g ti g ty Dif{usivjty SpecificHeg) Expagslag} Expagslop) (10jansionin ft-1)(F) ft F ) (ft br- ) (Stu lb- F (10 F- (IO F-

70 ' - 21.7 'O.422 0.105 5.42 0.00---

100- 21.9 0.418 0.107 5.65 5.53 0.20
150' 22.1 'O.410 0.110 .6.03 5.71 0.55
200 ''22.2 0.399 0.114 6.39 5.89 0.91
250- 22.2 0.389 0.117' 6.73 6.09 1.32

300 22.1 0.379 0.120 7.04 6.26 1.73
350' 22.1 0.369 0.123- 7.33 6.43 2.16
400 22.0 0.359 0.125 7.60 6.61 2.63

.450 21.9 0.350 0.129 7.85 6.77 3.10
500 21.7 0.340 0.131 8.07 6.91 3.58

550 21.5 0.331 0.134 8.28 7.06 4.03
600 21.3 0.322 0.136 8.46 7.17 4.54
oSO 21. 0.313 0.139 8.62. 1.30 5.09
700 20.8 C.302 0.142 8.75 7.41 5.59
750 20.5 0.292 0.146 8.87 7.50 6.10

800- 20.2 0.281 0.149 8.96 7.59 6.63
P 850 20.0 0.271 0.153 9.03 7.69 7.19<

:~' 900 19.7 0.260 0.158 9.08 7.77 7.70
950' 19.4 0.250 0.162 9.11 7.86 8.24

1000 19.1 0.240 0.166 9.16 7.94 8.81

1050 18.8 0.229 0.172 9.19 8.01 9.38
1100 18.5 0.218 0.177 9.22 8.07 9.92
1150- 18.2 0.207 0.184 --- 8.16 10.55(10.33)**
1200 17.8. 0.1)4 0.191 8.24 11.16(10.54)
1250 17.3 0.181 0.201 --- 8.25- 11.67(10.46)

i 1300 16.5 0.163 0.213 --- 8.21 12.10(10.15)
1350 15.3 0.136 0.236 ---- 7.85 12.07( 9.88)
1400 15.0 0.075 0.420* 7.35 11.66(10.32)
1450 14.9 0.127 0.248 ---- 6.91 11.44(10.94)

.
1500 14.9 0.197 0.160 ---- 6.80 11.71(11.62)

1550' 14.9 0.226 0.139 6.94 12.31
1600 15.1 0.230 0.138 ---- 7.r2 13.02i

1650 --- --- --- 7.27 13.78
1700- - - - ---- ---- 7.42 14.54

,

* Extrapolated values.
** Values in parentheses are for cooling measurements.
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1/2 C 1/4 Mo - 51 STEEL ..

Instantaneous- . Mean
Coefficient of Coefficient of

,

,Thernal Thermal Linear Thermal Linear Thermal Lic?ar
Tenperature Thermal :b-(Btu hr f dugtig ty Dif{usivjty SpecificHeg) Expajsiog) - Expagstog} - _ (IO gans'<x.in st-I)(F} ft- F )- (ft hr- ) (Stu lb- F {' F {10 F

_

70 21.7. 0.422 0.105 5.42 ---- 0.00
~100 21.9 0.418- 0.107 5.65 - C.53 0.20
-150. 22.1 0.410 0.110 6.03 5.71 -' O.55
-200 22.2 0.399 0.114 6.39 5.89 0.91

250 22.2 0.389 0.117 6.73 6.09 1.32

300 '22.1 0.379 ... 0.120 7.04 C.26 1.73
350- 22.1' O.369 0.123 7.33' 6.43 2.16
400 22 0 0.359 0.126 7.60 6.61 2.63
450- 21.9 0.350 0.129 7.85 6.77 3.10
500. 21.7 0.340 0.131 8.07 6.91 3.58

550 21.5 0.331 0.134' ~ 8.28 7.06 4.08'
600 21.3 0.322 0.136 8.46 .7.17 4.54
650 21.0 0.313 0.139 8.62 7.30 5.J9
700 20.8- 0.302 0.142 8.75- 7.41 5.59 -
750 20.5 0.292 0.146 8.87 7.50 6.10'

800 20.2 0.281 0.149 8.% 7.59 5.63,

2. 850 ~20.0 0.271 0.153 9.03 7.69 7.19
ro 900 19.7 0.260 0.158 9.08 7.77. .7.70

950 19.4 0.250 0.162 9.11 7.86 8.24
1000 19.1 0.240 0.166 9.16 7.94 8.81 a

1050 18.8 0.229 0.172 9.19 8.01 9.38
1100 18.5 0.218 0.177 9.22 8.07 9.92
1150 18.2 0.207 0.184 ---- 8.16 10.S(10.33)**1200- 17.8 0.194 0.191 ---- 8.24 11.10(10.54)1250 17.3 0.181 0.201 ---- 8.25 11.67(10.46)

1300 16.5 0.163 0.213 ---- 8.21 12.10(10.15) i
1350 15.3 0.136 0.236. ---- 7.85 12.07( 9.88)
1400 15.0 0.075 0.420* ---- 7.35 11.66(10.32)1450 14.9 0.127 0.248 ---- 6.91 11.44(10.94)
1500 14.9 0.197 0.160 ---- 6.80 11.71(11.62)

1550 14.9 0.226 0.139 ---- 6.94 12.31
1600 15.1 0.230 0.138 ---- 7.10 13.02
1650 ---- ---- ---- ---- 7.27 13.78
1700 ---- ---- 7.42. 14.54

* Extrapolated values.
** Values in parentheses are for cooling measurements.
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1/2 Cr '- 1/2 ~ Mo' STEEL
'

Instantaneous .' .Mean
' Coefficient of- Coefficient of

Thermal

, SpecificHeg). (10-bpg) bpagsiog) . (10gansionin ft-I)'

. , . . . Thermal Linear Thermal linear Thermal Linear
Terrperature

. Thermal {ondugtigy- -{ft{usivjty 'Dif Expa > ;io Ex

- ( F) '. . p tu hr 'ft- F i br- ) (Btu lb- F (10 F

70 24.8' O.482 'O.105. 5.60 0.00.----

-100 25.0' O.477 .0.107 5.83 5.73 0.21
150 '25.1 3.466- 0.110 6.20 -5.91 0.57
200 25.2: 0.454 0.114 6.55. 6.09 0.95
250 25.2. 0.442 0.117 6.88- 6.27 1.35.

'300- 25.1 0.430 0.120- 7 18 6.43 1.'77 ~
-350 25.0 0.418 0.123 7.47 6.59 2.22
400 L24.8 0.405- 0.126 7.73' 6.74 2.67
450 -24.6 0.394 3.129 7.97 6.89 3.14
500 .24.3 0.381 0.131 8.18 7.06 3.64

-550 24.0 0.370- 0.134 8.38 7.18 4.15
600' 23.7 0.359 0.136 8.55 7.28 4.63
650 23.4 0.348 0.139 8.70 7.40 5.15'
700 23.0- 0.335 0.142 8.83 7.51 5.69
750 22.6 0.322 0.146 8.94 7.61 6.22

800 22.2 0.308 0.149 c.02- 7.71 6.76,

L 850 21.9 0.297 0.153 9.09 7.80 7.39
w 900 21.4 0.283 0.158 9.13 7.86 7.83

950 20.9 0.269 0.162 9.16 7.92 8.36
1000 20.4 0.256 0.166 9.19 8.00 8.93L

1050 19.9 0.242 0.172 9.23 8.08 9.50
1100 19.5 0.230 0.177 9.26 8.12 10.03
1150 18.9 0.215 0.184 8.21 10.62
1200 '18.4 0.202 0.191 ---- 8.24 11.16
1250 17.7- 0.185 0.201 - - - 8.29 11.69(11.44)**

1300 16.7 0.164 0.213 ---- 8.31 12.23(11.16)
1350 15.9 0.142 0.236 ---- 8.21 .12.60(10 '4)
1400 15.3 0.077 0.420* 7.73 12.28(10.82).

1450 15.0 0.128 0.248 ---- 7.13 11.81(11.17)
1500 15.0 'O.199 0.160 ---- 6.90 11.83(11.64)

1550 15.1 0. 22 9 0.139 ---- 6.89 2.19(12.17)
1600- 15.3 0.234 0.138 ---- 6.96 .2.79
1650 .5.5 -7.08 13.44---- ---- ----

1700' ---- ---- ---- ---- 7.20 14.12

* Extrapolated values.
~

** Values in parentheses a-e for cooling measurements. *

.
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1/2 Cr - 1/2 Ni - 1/5 Mo STEEL'
'

Instantaneous Mean
..

'

Coefficient of Coefficient of. .

-- Therma 1 1
du

. , Thermal Linear Thermal t.inear' Thermal LinearTemperature
.Thermalyftgtivjty Dif{usivjty- . Specific Hea{) (10jsiop)

Expa
. Expa siop) '

bpansion -(10 j F- .

(10-2 in ft-l) .
(F) (Btu hr- F ) (ft br- ) (Btu lb- F- F

. 70 ' .23.3 0.454 -0.105 5.60 0.00.-----
100 23.4- 0.447- 0.107 5.83 5.73 0.21150 '23.5 '0.435 0.110- 6.20 5.91 0.57 :.

'200 23,4 0.422 f0.114' 6.55 6.09. 0.95250 23.4 0.411 0.111 6.88 6.27 ' 1.35 '

300 23.3 0.400 'O.120 7.18 6.43 1.77350 23.2 |0.388 0.123 7.47 6.59 2.22400 23.0 0.376 0.126 7.73 6.74 2.67450 22.9 0.366 0.129 7.97 6.89 3.14500 22.6 0.355 0.131 8.18 7.06. 3.64
550 22.4 0.345 0.134 8.38 7.18 4.15600 22.1 0.335 0.136 8.55 7.28 4.63650 21.9 0.326 0.139 8.70 7.40 5.15700 21.6 0.314 0.142 8.83 '.51 5.69750 21.3 0.303 0.146 8.94 .61 6.22

> 800 21.0 0.292 0.149 9.02 7.71 6.76L 850 20.7 0.281 0.153 9.09 7.80 I.30*
900 20.4 0.270 0.158 9.13 7.86 7.83950 20.1 0.259 0.162 9.16 7.92 8.361000 19.8 0.248 0.166 9.19 8.00 8.93

1050 19.4 0.237 0.172 9.23 8.08 9.501100 19.1 0.225 0.177 9.26 8.12 10.03.1150 18.7 0.214 0.184 ---- 8.21 10.621200 18.3 0.200 0.191 ---- 8.24 11.161250 .17.7 0.185 0.201 ---- 8.29 11.69(11.44)**
1300 17.0 0.167 0.213 ---- 8.31 12.23(11.16)1350 15.7 0.140 0.236 ---- 6.21 12.60(10.74)1400 15.4 0.077 0.420* ---- 7.73 12.28(10.82)1450 15.3 0.130 0.248 ---- 7.13 11.81(11.17)1500 15.2 0.202 0.160 6.90 11.83(11.64)----

1550 15.3 .0.232 0.139- --- 6.89 12.19(12.17)'1600 15.4 0.235 0.138 6.96 12.791650
1700

---- 7.08 13.44
--- ----

7.20 14.12
- - - ---- - - -

'* Extrapolated values.
** Values in parentheses are for cooling measurements.
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1/2 Cr - 1 1/4 ' Mn - 51 STEEL
Instantaneous Mean.

Coefficient of Coefficient of
Thermal Themal Linear Thermal Linear lhermal Linear

Thermal pft gtivjty Dif{usivjty Specific, Heap)- Expagstog) Expagslog) (10gansionin ft-I)'du ExTemerature
(Btu hr- F )- (ft br- ) (Btu lb ' F (10- F (10 F(F).

70- 20.5 0.397 0.106 4.86 --- - 0.00
100 20.6 0.391- 0.108 5.26 4.31 0.16-
150 20.8 0.382 0.112 5.80 4.77 0.47
200 20.9 0.373 0.116 6.24 5.22 0.82
250 21.0 0.364 0.119 6.61 5.60 1.21

300 21.0 0.355 0.122 6.93 5.92 1.66~
350 21.0 0.347 0.125 7.27 6.18 2.08
400. 221.0 0.339 0.128 7.55 6.38 2.54
450 20.9 0.332 0.131 7.80 6.56 3.01
500 20.8 0.323 0.133 8.03 6.71 3.47

550 20.6 0.314 :0.136 8.23 6.85 3.95
600 .20.5 0.308' O.138 8.40 6.93 4.44
650 20.3 0.299 0.141 8.55 7.10 .'4.93
'700 20.1 0.289 0.145 8.68 7.20 5.44
750 19.9 0.279 0.149 8.78 7.32 5.99

800 19.7 0.270 0.152 8.85 7.42 6.52
,

L 850 19.4 0.?61 0.156 8.90 7.52 7.05
m 900 19.2 0.252 0.160 8.93 7.61 7.58

950 18.9 0.243 0.164 8.95 7.70 8.12
1000' 18.7 0.234 0.169 8.97 7.77 8.68

1050 18.5 0.223 0.174 ---- 7.85 9.23
1100 18.2 'O.213 0.180 ---- 7.91 9.77~
1150 17.9 0.202 'O.188 ---- 7.96 10.32
1200 17.5 0.190 0.195 ---- 8.01 10.86
1250 17.1 0.176 0.205 ---- 8.05 11.40(10.63)**

1300 16.4 0.160 0.216 ---- 8.04 11.90( 9.82)
1350 15.1 0.136 0.236 ---- 8.03 12.38( 9.70)
1400 14.9 0.075 0.420* ---- 6.75 10.80(10.32)
1450 14.8 0.129 0.244 ---- 6.60 10.94
1500 14.8 0.171 0.184 ---- 6.75 11.62

1550 14.9 0.189 0.168 ---- 6.92 12.31
1600 15.0 0.192 0.167 ---- 7.08 13.02

---- ---- ---- ---- 7.26 13.76.1650

* Extrapolated values.
** Values in parentheses are for cooling measurements.
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3/4 Cr - 1/2 Ni - Cu STEEL'
. .

=Instantaneousi
Coeftscient c'

. 'Mean
Coefficient of

Thermal
du

. Thermal Linear Thernal Linear Thermal Linear
Temperature

. Thermal pft gtivjty Dif{usivjty . Specific Heap) Expagsiog) - Expajsiog) (10gansion.I):
Ex

.(F) ,(8tu hr- F ) (ft hr- ) -(8tu lb- F (10 F- (10 T- in ft-

70 28.3 'O.550 0.105- 6.41 ---- 0.00-
100 ~28.2' O.538 0.107 6.53 6.50 .0.24
150 27.9 .0.518' O.110 6.73 6. 57 '- 0.64
200 27.7 0.499 0.114 6.93 6.67 1.04
250- 27.4 0.480 0.117 7.12 6.77 1.45

300 27.0 .'O.463 0.120 7.30 6.07 '1.90
350 26.7' O.446- 0.123 7.49 6.98 2.36-
400 26.3 0.429 0.126 7.66 7.07 '2.81
450 25.9 0.414 0.129 7.84 7.15 3.25
500 25.5 0.399 0.131 8.03 7.25 3.74

550 .25.0 0.385 0.134 8.21 7.34 4.22
600 24.5. 0.371 0.136 8.35 7.42 4.68
650 24.0 0.357 0.139 8.51 '7.52 -5.23
700 23.5' O.342 0.142 8.64 7.59 '5.74 ,

750 23.0 'O.328 0.146 8.78 7.68 6.26

800 22.6. 0.314 0.149 8.90 7.76 6.80? 850 22.1 0.300 0.153 9.04 7,85 7.30M 900 21.7 0.286 0.158 9.13 7.89 7.86
950 21.2- 0.273 0.162 9.22 7.98 8.41

1000 20.8 0.260 0.166 9.30 8.05 8.99
*

1050 20.4 0.248 0.172 9.39 8.13' 9.56
1100 19.9 0.235 0.177 9.45 8.19 10.13
1150 -19.5 0.222 0.184 9.51 8.27 10.72
1200 18.9 0.207 0.191 9.56 8.32 11.28
1250 18.3 0.191 0.201 9. 59 ** 8.36** 11.83**

1300 17.5 0.172 0.213 9.62 ** 8.37** 12.35 "
1350 16.0 0.143 0.236 ---- 8.30** 12.80 "
1400 15.6 0.078 0.420= --- 8.14** 13.00**
1450 15.4 0.131 0.248 ---- 7.90** 13.03**
1500 15.3 0.203 .0.160 --- 7. 56 * * 12.97

1550 15.4 0.233 0.139 ---- 7.11 12.62
1600 15.5 0.236 0.138 6.94 12.74--.

1650 ---- ---- ---- --- 6.92 13.13
1700 --- - ---- ---- ---- 7.04 13.76

* Extrapolated values.

**These values'are for measurements with increasing temperature and may possibly be lower for measurements with decreasing
|

temperature.
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3/4 Cr - 3/4 Ni - Cu - Al STEEL-
Instantaneous Mean-

Coefficient of- Coefficient of
Thermal

Off
. Thermal Linear Thennal Linear. '. Thermal Linear

Temperature Thermal pndujtivjty :(ft{usiv|ty Specific Heg) Expagsig- ) : Expaostop) (10gansion.in ft-I)
b

(F)- (Btu hr- ft- F ) hr- ) (Btu lb- F (10- F (10-0 F-

.70 23.5 0.458 0.105 6.41 ---- 0.00
100 23.6 'O.450 0.107- 6.53 6.50 0.24
150 .23.6- 0.438 0.110 6.73 6.57 0.64
200 23.6 0.425 0.114 6.93 6.67 1.04
250 23.5 0 413 0.117 7.12 6.77 1.45

300 23.4 0.401 0.120 7.30 6.87 1.90
350 23.3 0.389 0.123 7.49 6.98 2.36
400 23.1 0.378- 0.126 7.66 7.07 2.81
450 22.9 0.367 0.129 7.84 7.15 3.25
500 22.7 0.356 0.131 8.03 7.25 3.74 .

550 22.5 0.346 0.134 8.21 7.34 4.22
600 22.2 0.336 0.136 8.35 7.42 4.68
650 21.9 0.326 0.139 8.51 7.52 5.23
700 21.5 0.315 0.142 8.64 7.59 5.74
750 21.3 0.303 0.146 8.78 7.68 6.26'

800 21.0- 0.292 0.149 8.90 7.76 6.80.P 850 20.7 0.280 0.153 9.04 7.85 7.30
0 900 20.3 0.269 0.158 9.13 7.89 7.86

950 20.0 0.258 0.162 9.22 7.98 8.41
1000 19.7 0.247 0.166 9.30 8.05 8.99

1050 19.4 0.236 0.172 9.39 8.13 9.56
1100 19.0 0.224 0.177 9.45 8.19 10.13
1150- 18.7 0.213 0.184 9.51 8.27 10.72
1200 18.2 0.200 0.191 9.56 8.32 11.28
1250 17.7. 0.185 0.201 9. 59 ** 8.36** 11.83 "

1300 16.9 0.167 0.213 9.62 ** 8.37** 12.35**
1350 15.6 0.139 0.236 ---- 8.30** 12.80**
1400 15.3 0.077 0.420* ---- 8.14 ** 13.00**
1450 15.2 0.129 0.248 ---- 7.90** 13.08**
1500 15.1 8' ''00 0.160 ---- 7.56 12.97

.1550 15.1 0.230 0.139 --- 7.11 12.62
1600 15.3 0.233. 0.138 ---- 6.94 12.74
1650 ---- ---- ---- 6.92 13.13
1700 ---- --- --- ---- 7.04 13.76

* Extrapolated values.

**These values are for measurements with increasing tenperature and my possibly be lower for. measurements with decreasing -

temperature. i
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1 Cr - Y STEEL
Instantaneous Nean

Coefficient of Coefficient of
Thermal Thermal Linear Thermal Linear Thermal LinearTenperature Thermal fndugtivjty Dif{usiv{)ty SpecificHeag) Expaysfog) Expa stog)

Expansion(10 j F- (10-4 in ft-l)(F) (8tu hr- ft- F, ) (ft hr- (Btu lb- F- (10 F-

70 28.3 0.550 0.105 5.60 ---- 0.00
100 28.2 0.538 0.107 5.83 5.73 0.21
150 28.0 0.518 0.110 6.20 5.91 0.57
200 27.7 0.500 0.114 6.55 6.09 0.95

*

250 27.5 0.482 0.117 6.88 6.27 1.35

300 27.1 0.465 0.120 7.18 6.43 1.77
350 26.8 0.447 0.123 7.47 6.59 2.22
400 26.4 0.431 0.126 7.73 6.74 2.67
4 50 26.0 0.416 0.129 7.97 6.89 3.14
500 25.5 0.400 0.131 8.18 7.06 3.64

550 25.0 0.386 0.134 8.38 7.18 4.15
600 24.5' O.372 0.136 8.55 7.28 4.63
650 24.0 0.358 0.139 8.70 7.40 5.15
700 23.5 0.343 0.142 8.83 7.51 5.69
750 23.0 0.328 0.146 8.94 7.61 6.22

800 22.6 0.314 0.149 9.02 7.71 6.76,

.L 850 22.1 0.300 0.153 9.09 7.80 7.30m 900 21.6 0.286 0.158 9.13 7.86 7.83
950 21.2 0.273 0.162 9.16 7.92 8.36

1000 20.8 0.260 0.166 9.19 8.00 8.93

1050 20.3 0.247 0.172 9.23 8.08 9.50
1100 19.9 0.234 0.177 9.26 8.12 10.03
1150 19.5 0.222 0.184 ---- 8.21 10.62
1200 19.0 0.208 0.191 ---- 8.24 11.16
1250 18.3 0.191 0.201 ---- 8.29 11.69(11.44)**
1300 17.5 0.172 0.213 - - - 8.31 12.23(11.16)
1350 16.0 0.143 0.236 ---- 8.21 12.60(10.74)
1400 15.6 0.078 0.420= ---- 7.73 12.28(10.82)1450 15.4 0.131 0.248 --- 7.13 11.81(11.17)1500 15.3 0.203 0.160 ---- 6.90 11.83(11.64)

1550 15.4 0.233 0.139 ---- 6.89 12.19(12.17)1600 15.5 0.236 0.138 ---- 6.96 12.79
1650 ---- ---- ---- ---- 7.08 13.44
1700 --- ---- ---- --- 7.20 14.12

* Extrapolated values.

** Values in parentheses are for cooling measurements.
_
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1 Cr - 1/5'Mo STEEL
Instantaneous Mean

Coefficient of Coefficient of
Thermal .

Thermal
.. Thermal Linear Thermal Linear Thermal Linear.

Tegerature -
(F) -(Btu hr f dugtivjty Dif{usivjty SpecificHeag). Expagsioti Expagstog) (10gansionin ft-1)

Ex
ft- F- ) (ft br- ) '(8tu lb- F, (10- F-1) (10 F-

70 - 23.9 0.464 0.105' 5.60 ---- 0.00 -.
100 24.0 'O.458 0.107 '5.83- 5.73 0.21

'150- 24.0 0.445 0.110 6.20 5.91 0.57
'200- 24.0 0.432 0.114.- 6.55 6.09 0.95

250 23.9. 0.420 0.117 6.88 6.27 1.35

300 23.8 0.408 0.120 7.18 6.43 1.77
350 23.7' - .0.3% 0.123 .7.47 6.59 -2.22
400 23.5 .0.384 0.126 7.73 6.74 2.67
450 '23.3 0.373- 0.129 7.97 6.89 3.14
500 23.1 0.362 0.131 8.18 7.06 '3.64

550 22.8 0.351 0.134 8.38 7.18 4.15-
600 22.5 0.341 0.136 8.55 7.28 .4.63'
650- 22.2 0.330 0.139 8.70 7.40 5.15
700 21.9 0.319 0.142 8.83 7.51 5.69
750 21.5 0.307 0.146 8.94 7.61 6.22

> 800 21.2 0.295 0.149 9.02 7.71 6.76'
$ 850- 20.9 0.283 0.153 9.09 7.80 7.30

900 20.5 0.272 0.158 9.13 7.86 7.83
950 20.2 0.260 0.162 9.16 7.92 8.36

1000 19.9 0.249 0.166 9.19 8.00 8.93

" 50 19.5' O.238 0.172 9.23 .8.08 9.50
.400 19.2 0.227 0.177 9.26 8.12 10.03
1150 18.9 0.215 0.184 ---- 8.21 10.62
1200 18.4 0.201 0.191 ---- 8.24 11.16
1250 17.8- 0.186 0.201 --- 8.29 11.69(11.44)**
1300 17.1 0.168 0.213 ---- 8.31 12.23(11.16)
1350 15.7 0.140 0.236 8.21 12.60(10.74)----

'1400 15.4 0.077. 0.420* ---- 7.73 12.28(10.82)
1450 15.3 0.130 0.248 ---- 7.13 11.81(11.17) .

1500 15.2 0.202 -0.160 ---- 6.90 11.83(11.64)
'

1550 15.3 0.231 0.139 ---- 6.89 12.19(12.17)
1600 15.4 0.235 0.138 --- 6.% 12.79
1650 --- ---- ---- ---- 7.08 13.44
1700. ---- - - - ---- 7.20 14.12'

* Extrapolated values.
-;

** Values in parentheses are for cooling measurements. *
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1 Cr - 1/5 Mo -~Si STEEL
'

Instantaneous .Mean
Coefficient of Coefficient of4

Thermal - Thermal Linear Thermal Linear Thermal' Linear
Temperature- Thermal fdugtigty Dif{usivjty Specific Heap) Expa stog) - Expajsiog)

Expansion(10j F- (10 F- (10-4 in ft-1)'(F) (Btu hr- ft- F ) (ft br- ) (Btu lb- F
70: 25.8 0.502' O.105 5.60 0.00

100- 25.9 0.494 0.107 5.83 5.73 0.21-
150 25.9 0.480 0.110 6.20 5.91- 0.57'
200 25.8 0.464 0.114 6.55 6.09 0.95:

250 25.6 0.449 0.117 6.88 6.27 1.35

300 25.4 0.435- 0.120 7.18 6.43 1.77
350 25.2 0.421 0.123 7.47 6.59 2.22
400 24.9 0.407 .0.126 7.73 6.74 2.67'
4 50 24.6 0.393 0.129 7.97 6.89 3.14
500 24.2 0.380 0.131 8.18 7.06 3.64

550 23.8 0.367 0 .1 34 8.38 7.18 4.15
600 23.4 0.355 0.136 8.55 7.28 4.63
650 23.0 0.342 0.139 8.70 7.40 5.15
700 22.6 0.329 0.142 8.83 7.51 5.69
750 22.2 0.316 0.146 8.94 7.61 6.22-

:r. 800 21.8 0.303 0.149 9.02 7.71 6.76
h 850 21.4 0.290 0.153 9.09 7.80 7.30

900 21.0 0.277 0.158 9.13 7.86 7.83
950 20.6 0.265 0.162 9.16 7.92 8.36

1000 20.2 0.253 0.166 9.19 8.00 8.93

1050 19.8 0.241 0.172 9.23 8.08 9.50
1100 19.4 0.229 0.177 9.26 8.12 10.03
1150 19.0 0.217 0.184 ---- 8.21 10.62
1200 18.5 0.202 0.191 ---- 8.24 11.16
1250 17.9 0.187 0.201 ---- 8.29 11.69(11.44)**

^

1300 17.1 0.168 0.213 ---- 8.31 12.23(11.16)
1350 15.8 0.141 0.236 ---- 8.21 12.60(10.74)
1400 15.4 0.077 0.420* ---- 7.73 12.28(10.82)
1450 15.2 0.129 0.248 --- 7.13 11.81(11.17)
1500 15.2 C.201 0.160 --- 6.90 11.83(11.64)

1550 15.2 0.230 0.139 ---- 6.89 12.19(12.17)
1600 15.3 0.234 0.138 ---- 6. % 12.79
1650 ---- ---- ---- 7.08 13.44
1700 ---- ---- --- ---- 7.20 14.12

* Extrapolated values.
** Values in parentheses are for cooling measurements. -

,

-

- ~ . . w - _ - - - _ _ _ . _ -



__ _ _ _ _ _ _ __ _ _ - - - _ - _ . _ _

, w.

1 Cr - 1/2 Mo STEELi --

Instantaneous- Hean
Coefficient of Coefficient of

Thermal
du

.
Themal Linear Thermal Linear' Thermal Linear

Tenperature
Thermal yft gtig-)ty. .Dif{usivjty SpecificHeg) Expagslog) (10psiog) (10gansionin ft-1)

Expa Ex
(F) (Btu hr- F (ft hr- ) (Btu lb- F (10 F 3 F

70 24.4 0.474 0.105 5.60~ 0.00- - - .

'100 24.5 0.468 0.107 5.83 5.73 0.21
150 24.5 0.455 'O.110 6.20 5.91 0.57
200 24.6 0.442 0.114 6.55 6.09 0.95
250 24.5' .0.429 0.'117 6.88 6.27' 1.35-

-300 24.3 0.417- 0.120- 7.18 6.43 1.77
350 24.2 0.4 04 0.123 7.47 6.59 2.22
400 23.9 0.391 .0.126 7.73 6.74 2.67-
450 23.7 0.379 0.129 7.97 6.89 3.14
500 23.4 0.367 0.131 8.18 7.06- '3.64

550 23.1 0.356 0.134 8.38 7.18 4.15
600 22.7 0.344 0.136 8.55 7.28 4.63
650 22.4 '. 0.333 0.139 8.70 7.40 '5.15
700 22.0 - 0.320 0.142 8.83 7.51 5.69
750 21.6 0.308 0.146' 8.94 7.61 6.22

800 21.3 0.296- 0.149 9.02 7.71 6.76,

4 850 20.9 0.283 0.153 9.09 7.80 7. Vs
900 20.5 0.271 0.158 9.13 7.86 7.8)-

950 '20.2 0.260 0.162 9.16 7.92 8.36
1000 19.8 0.248 0.166 9.19 8.00 8.93

1050 '19.4 0.236 0.172 9.23 8.08 9.50
1100 19.0 0.225 0.177 3.26 8.12 10.03
1150 18.7 0.213 0.184 ---- 8.21 10.62
1200 18.2 0.199 0.191 ---- 8.24 11.16
1250 17.6 0.184 0.201 ---- 8.29 11.69(11.44)**

1300 16.8 0.166 0.213 ---- 8.31 12.23(11.16)
1350 15.6 0.139 0.236 ---- 8.21 12.60(10.74)
1400 15.3 0.077 0.420* ---- 7.73 12.28(10.82)
1450 15.1 0.128 0.248 ---- 7.13 11.81(11.17)
1500 15.0 0.199 0.160 --- 6.90 P.83(11.64)

1550 15.0 0.228 0.139- ---- 6.89 12.19(12.17)-
1600 15.2 0.232 0.138 ---- 6.% 12.79
1650 --- ---- ---- .---- _7.08 13.44
1700 ---- --- ---- ---- 7.20 14.12

* Extrapolated values.
** Values in parentheses are for cooling measurements.
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1 Cr - 1/2 Mo -'Y STEEL
Instantaneous . Mean

Coefficient of Coefficient of
.

. Thermal Thermal Linear Thermal Linear Thermal LinearTenperature
Thermalf-ft-dutivjty' Off

SpecificHeap).-ift{usivjty - Expa si Expa si Ex ansion
(Btu lb-1 F- (10- F ) (10- F ) (10- in ft-1)(F) (8tu hr- F- ) br- )

70 ' 21.7 0.421 0.106 5.42 .0.00----

-100 21.9 0.415 0.108 5.65 5.53 - 0.20
150 22.0 0.404 0.112. 6.03 5.71 0.55
200- 22.1 0.394 0.116 6.39 5.89 0.91
250 22.1 0.384 0.119 6.73 6.09 1.32

300 22.1 0.375 0.122 7.04 6.26 1.73
350 22.1 0.366 0.125 7.33 6.43 2.16
400 22.0 0.357 0.128 7.60 6.61 2.63
450 21.9 0.349 0.131 7.85 6.77 3.10
500- 21.8 0.339 0.133 8.07 6.91 3.58

550 21.6 0.330 0.136 8.28 7.06 4.08
600 21.4 0.322 0.138 8.46 7.17 4.54-
650 21.2 0.313 0.141 8.62 7.30 5.09
700 20.9 0.302 0.145 8.75 7.41 5.59
750 20.7 0.290 0.149 8.87 7.50 6.10

?" 800 20.4 0.280 0.152 8.96 7.53 6.63
% 850 20.1 0.271 0.156 9.03 7.69 7.19

900 19.9 0.261 0.160 9.08 7.77 7.70
950 19.6 0.251 0.164 9.11 7.86 8.24

1000 19.3 0.241 0.169 9.16 7.94 8.81

1050 19.0 0.230 0.174 9.19 8.01 9.38
1100 18.7 0.219 'O.180 9.22 8.07 9.92
1150 18.4 0.207 0.188 ---- 8.16 10.55(10.33)**1200 18.0 0.194 0.195- ---- 8.24 11.16(10.54)1250 17.3 0.179 0.205 8.25 11.67(10.46)

i 1300 16.6 0.162 0.216 ---- 8.21 12.10(10.15)1350 15.6 0.140 0.236. ---- 7.85 12.07( 9.88)
1400 15.3 0.077 0.420* ---- 7.35 11.66(10.32)1450 15.1 0.132 0.244 ---- 6.91 11.44(10.94)
1500 15.1 0.174 0.184 ---- 6.80 11.71(11.62)

1550 15.2 0.192 0.168 ---- 6.94 12.31m
1600 15.3 0.195 0.167 ---- 7.10 13.02
1650' ---- ---- ---- 7.27 13.78
1700 ---- ---- -.-- ---- 7.42- 14.54

* Extrapolated values.
** Values in parentheses are for cooling measurements. '
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1 Cr - 1 A - 1/4 Mo STEEL -
' Instantaneous .' . Mean-
Coefficient of- . Coefficient of . . . . , _ -

Themal Thermal Linear Thermal Linear Thermal Linear

- Tenperature . : Thermal pft gtivjty . Dif{usivjty SpecificHeg). Expagslog) Expagstog) - QOgansionin ft-1)
du Ex

-(F) (Btu hr- F ) (ft hr- ) .(8tu lb- F (10 F (10 F

70 21.6 'O.498 0.105 5.60 ---- 0.00
100 22.0 0.490 0.107 5.83 .5.73 0.21

1150- 22.5 0.476 0.111 6.20 5.91 0.57
200 22.8 0.463 0.114 6.55- 6.09 0.95
250 '23.1' O.449 0.117 6.88 6.27 1.35

300. 23.2 0.435 0.120 7.18 6.43 1.78
350 23.3 0.420 0.123- 7.47 '6.59 2.21
400 23.3. 0.406 0.126 7.73 6.74 2.67
450. 23.2 0.393 0.128 .7.97 6.89 3.14 'i

500 '23.0 0.379 0.131- 8.18 7.06 3.64-

550 22.8 0.365 0.134 8.38 7.18 4.14
600 22.6 0.351 0.136 8.55 7.28 4.63
650 22.3 0.338 0.139 8.70 7.40 5.15
700 22.0 0.324 0.143 8.83 7.51 5.68
750 21.7 0.311 0.146 8.94 7.61 6.21

800 21.4 0.298 0.150 9.02 7.71' 6.75
? 850 21.0 0.285 0.154 9.09 7.80 7.30
y 900 20.7 0.272 0.158 9.13 7.86 7.83

950 20.3 0.261 0.162 9.16 7.92 8.36
1000 20.0 0.250 0.167 9.19 '8.00 8.93

1050 19.6 0.238- 0.172 9.23 8.08 9.50
1100 19.1 0.227 0.178 9.26 8.12 10.04
1150 18.7 0.216 0.186 ---- 8.21 10.64
1200 18.3 0.203 0.196 --- 8.24 11.17
1250 17.8 0.189 0.208 ---- 8.29 11.69(11.44)**

1300 17.2 0.171 0.224 --- 8.31 12.23(11.16)
1350 16.4 0.150 0.247 ---- 8.21 12.60(10.74)
1400 15.1 0.120 0.330* --- 7.73 12.28(10.82)
1450' 14.9 0.151 0.230 --- 7.13 11.81(11.17)
1500 15.0 0.176 0.187 ---- 6.90 ,11.83(11.64)

* Extrapolated values. ~
** Values in parentheses are for cooling measurements.

.
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1.1/4 Cr - 1/2 Mo STEEL
Instantaneous Mean

Coefficient of Coefficient of
Thermal

Thermal du
. Ther9al Linear Thermal Linear Thermal. Linear'.Teg erature. (Btu hr pft gtivjty Dif{usivjty SpecificHeg) Ex;,agslog) Expagsloyl' .(10 4 in'ft-I)

. Expansion(F) F ) (ft br- ) (Btu lb- F (10 F- (10- F-

70 21.9 0.426- 0.105 5.42 0.00.----

.100 22.1 0.421 0.107 5.65 5.53 -0.20.150 22.2 0.412- .0.110 6.03 5.71 0.55200- 22.3 0.403 0.114 6.39 5.89 0.91250 22.4 0.393 0.117 6.73 6.09 1.32

300- 22.4 0.384 0.120 7.04 6.26- 1.73350 22.4 0.374 0.123 7.33 .6.43 2.16400 22.3 0.364 0.126 7.60 6.61 2.63450 22.1 0.354 0.129 7 35 6.77 3.10500 22.0- 0.344 0.131 8.07 6.91 3.58,

( 550 21.8 0.335- 0.134 8.23 7.06 4.08600 _21.5 0.326 0.136 8.46 7.17 4.54650 21.2 0.316 0.139 8.62 7.30 5.09700 21.0 0.305 0.142- R.75 7.41 5.59I
750 20.7 0.294 0.146. 8.87 7.50 6.10

!-

800 20.4 0.283 0.149 8.% 7.59 6.63? 850 20.1 0.272 0.153 9.03 7.69 '7.19% 900 19.8 0.262 0.158 9.08 7.77 7.70950 19.5 0.251 0.162 9.11 7.86 8.241000 19.2 0.241 0.166 9.16 7.94 8.81

1050 18.9 0.230 0.172 9.19 8.01 9.381100 18.6 0.220 0.177 9.22 8.07 9.921150 18.3 0.208 0.184 ---- 8.16 10.55(10.33)**; 1200 17.9 0.1% 0.191 ---- 8.24 11.16(10.54)| 1250 17.3 0.182 0.201 8.25 11.57(10.46)----

|

1300 16.6 0.164 0.213 8.?1 12.10(10.15)
, ----
; 1350 15.4 0.138 0.236 ---- 7.L5 12.07( 9.88)1400 15.1 0.076 0.420* 7.35 11.66{10.32)----

1450 15.0 0.127 0.248 6.91 11.44(10.94)- - - -

1503 14.9 0.198 0.160 ---- 6.80 11.71(11.62)|

1550 15.0 0.2?7 0.139 ---- 6.9t 12.311600 15.1 0.231 0.138 7.10 13.02----

1650 ---- ---- ---- ---- 7.2? 13.781700 7.42 14.54
---- ---- ---- ----

* Extrapolated values.
'** Values in parenthest:s are for cooling measurements.
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1 1/4 Cr - 1/2 Mo '- Si STEEL -
Instantaneous- Mean

. Coefficient of. Coefficient of --

Thermal
.

,. Thermal Linear. ' Thermal Linear . Thermal linearThermal ~

(F) :(Btu-hr-{ondugtigty. Dif{usiv{ty . SpecificHeap) (10gslog) (10gsfog) -(10ginft-1)~
Temeratt;re . Expa Expa b ansion

ft- F )' (ft hr- ) (Btu lb- F F- F

70 21.3 0.414 0.106 5.42- ---- 0.00-
100 21.5 0,409 0.108 5.65 5.53 0.20

.150 21.8 0.400 0.112' 6.03 5.71 0.55
200- 21.9 '.0.391 0.116, 6.39 5.89 0.91-
250 22.0 0.382 0.119 6.73 6.09 1.32-

300 22.0 0.373 0.122. 7.04 6.26 -1.73
350 22.0- .0.365 0.125' 7.33 6.43 '2.16 '

400- 21.9- 0.356 0.128 7.60 6.61 '2.63 J!
450 21.8. 0.347 - 0.131 7.85 6.77- 3.10

'500 21.7 0.337 0.133 8.07 6.91 3.58

550 21.5 0.327. 0.136 8.28 7.% 4.08
600 21.3 0.320 0.138 8.46 .7.17 4.54
650 21.0 0.310 0.141~ 8.62 7.30 5.09
700 20.8 0.299 0.145 8.75 7.41 5.59
750 20.5 0.288 0.149 ~ 8.87 7.50 6.10

800 20.2 0.278 0.152 8.96 7.59 5.63.
Y" 850 20.0 0.268 0.156 9.03 7.69 -7.19
O! 900 19.7 0.258 0.160 9.08 7.77 7.70

950 19.4 0.248 0.164 9.11 7.86 8.24
1000 19.1 0.238 0.169 9.16 7.94 8.81

1050 18.8 0.227 0.174 9.19 8.01 9.38 .;
1100 18.5 0.216 0.180 9.22 8.07 '9.92 .

'

1150 18.2 0.204:- 0.188 ---- 8.16 10.55(10.33)**
1200 17.7 0.192 0.195 --- 8.24 11.16(10.54)
1250 17.2 0.178 0.205 --- 8.25 11.67(10.46)

1300 16.5 0.161 0.216 ---- 8.21 12.10(10.15)
1350 15.3 0.138 0.236 ---- .7.85 12.07(9.88). I

1400 15.0 0.076 0.420* 7.35 11.66(10.32)
1450 14.9 0.130 0.244 ---- 6.91 11.44(10.94)
1500 14.8 0.171 0.184 6.80 11.71(11.62)- - - -

1550 14.9 0.188 0.168 ---- 6.94 12.31
1600 15.0 0.191 0.167 ---- 7.10 -13.02
1650 ----- --- ---- 7.27 '13.78
1700 ---- --- --- ---- 7.42 14.54

* Extrapolated values.
** Values in parentheses are for cooling measurements.

.



.1 3/4 Cr -'1/2 Mo - Cu STEEL
Instantaneous Hean

Coefficient of Coefficient of
Thermal
If

. Thermat Linear Thermal Linear Thermal Linear-
Temperature Thermal f dugtig ty' (ft{usivjty SpecificHea{)- Espagsig- ) Expagslog) .'(10 gansionin ft-1)

Ex
(F) (Btu hr- ft- F ) hr- ) (Btu lb- F, (10 F (10 F-,.

70 25.2 -0.490 0.105- 5.60 ---- 0.00
100 25,3' 0.483 0.107- 5.83 5.73 0.21
150 25.3 0.459.. 0.110 6.20 5.91 0.57-
200 25.2 0.455 0.114 6.55 6.09 0.95
250 -- 25.1 0.440 0.117 6.88 6.27 1.35

300 24.9 0.427 0.120 7.18 6.43 1.77
350 ~ 24.7 . 0.413 0.123 7.47 6.59 2.22
400 24.5 0.400 0.126 7.73 6.74 2.67
4 50 24.2 0.387 0.129- 7.97 6.89 3.14
500 23.9 0.374 0.131 8.18 7.06 3.64

550 23.5 0.362 0.134 8.38 7.18 4.15.
600 23.1 0.350 0.136 8.55 7.20 4.63
650 22.7 0.338 0.139 8.70 7.40 5.15
700 22.3 0.325 0.142' 8.83 7.51 5.69
750 22.0 0.312 0.146 8.94 7.61 6.22

800 21.6 0.300 0.149 9.02 7.71 6.76
2- 850 21.2 0.287 0.153 9.09 7.80 7.30
L 900 20.8 0.275 0.158 9.13 7.86 7.83*

950 20.4 0.263 0.162 9.16 7.92 8.36
1000 20.0 0.251 0.166 9.19 8.00 8.93

1050 19.7 'O.239 0.172 9.23 8.08 9.50
1100 19.3 0.227 0.177 9.26 8.12 10.03
1150 18.9 0.215 0.184 ---- 8.21 10.62
1200 18.4 0.201 0.191 ---- 8.24 11.16
1250 17.8 0.186 0.201 ---- 8.29 11.69(11.44)**

1300 17.0 0.168 0.213 ---- 8.31 12.23(11.16)
1350 15.7 0.140 0.236 ---- 8.21 12.60(10.74)
1400 15.4 0.077 0.420* ---- 7.73 12.28(10.82)
1450 15.2 0.129 0.248 .--- 7.13 11.81(11.17)
1500 15.1 0.200 0.160 ---- 6.30 11.83(11.64)

1550 15.2 0.230 0.139 ---- 6.89 12.19(12.17)
1600 15.3 0.234 0.138 ---- 6.96 12.79
1650 ---- ---- ---- 7.08 13.44
1700 --- ---- ---- - - - 7.20 14.12

* Extrapolated values.

** Values in parentheses are for cooling measurements.

*
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2 Cr - 1/2 Mo STEEL Instantaneous Mean

Coefficient of Coefficient of
-

Thermal Thermal Linear Thermal Linear Thermal Linear
Expansion

ftgtivjty Dif{usivj'ty Speciiic Heat Empags too Expansion) [10 4 in ft-l)duTenperatare Thermal
F-2) (ft br- ) (Stu lb-1 F-1) (10-0 F-1) (10-0 F-1

( F) (8tu hr-

70 24.2 0.471 0.105 5.42 ---- 0.00

100 24.3 0.464 0.107 5.65 5.53 0.20

150 24.4 0.452 0.110 6.03 5.71 0.55

200 24.4 0.439 0.114 6.39 5.89 0.91

250 24.3 0.426 0.I17 6.73 6.09 1.32

300 24.2 0.414 0.120 7.04 6.26 1. 7.i

350 24.0 0.402 0.123 7.33 6.43 2.16

400 23.9 0.390 0.126 7.60 6.61 2.63

4 50 23.6 0.378 0.129 7.85 6.77 3.10

500 ' 23.4 0.367 0.131 8.07 6.91 3.58

550 23.1 0.355 0.1 34 8.28 7.06 4.tri

600 22.7 0.344 0.136 8.46 7.17 4.54

653 22.3 0.333 0.139 8.62 7.30 5.09 |

700 22.0 0.320 0.I42 S.75 7.41 5.59 |

750 21.6 0.307 0.146 8.87 7.50 6.10 j
l

S00 21.2 0.295 0.149 8.96 7.59 6.63 |

P 850 20.9 0.283 0.153 9.03 7.69 7.19
'

% 900 20.5 0.271 0.158 9.08 7.77 /.70

950 20.1 0.259 0.162 9.11 7.86 8.24

1000 19.8 0.248 0.166 9.16 7.94 8.81

1050 19.4 0.236 0.172 9.19 8.01 9.3J

1100 19.1 0.225 O.I77 9.22 8.07 9.92

1150 -18.7 0.213 0.184 ---- 8.16 10.55(10.33)**

1200 18.2 0.199 0.191 -- - 8.24 i1.16(10.54;

1250 17.5 0.184 0.201 ---- 8.25 11.67(10.46)

1300 16.9 0.166 0.213 ---- 6.21 12.10(10.15)

1350 15.6 0.139 0.236 ---- 7.85 12.07( 9.83)

1400 15.3 0.077 0.420* ---- 7.35 11.d6(10.32)

1450 15.1 0.128 0.248 ---- 6.91 11.44(10.94)

1500 15.0 0.199 0.160 ---- 6.80 11.71(11.62)

1550 15.0, 0.228 0.139 ---- 6.94 12.31

1600 15.2 0.232 0.138 ---- 7.10 13.02

1650 ---- ---- -- - ---- 7.27 13.78

1700 ---- ---- ---- ---- 7.42 14.54

r D trapolated values.
" Values in parentheses are for cooling masurements.
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3 Cr - l'Mo STEEL
Instantaneous Mean

Coefficient of Coefficient of
Thermal : Thermal Linear Thermal Linear Thermal LinearTeeperature -Thermalfdugtigty Dif{usivjty Specific Hea+

bpagsig-) Erpagsig- ) (10gansionin ft-l)'
' Ex

(F) (8tu br- ft- F ) (ft br- ) (Btu lb-1 F,I) (10- F (10- F
70 18.6 .0.361 0.106 5.42- '

O.00----

100 .19.0 0.362 0.108 5.65 5.53 0.20
150- 19.6 .0.366 0.110 6.03 5.71 0.55
200 20.1 0.368 0.112 6.39- 5.89 0.92
250 20.4 0.365 0.115 6.73 6.09 1.32.

300 20.7 0.360 'O.118 7.04 6.26 1.80
350 20.9 0.357- 0.120 7.33 6.43 2.16'
400 21.0 0.351 0.123 7.60 6.61 2.62
450 21.0 0.343 0.126 7.85 6.77 3.09
500 21.0 0.334 0.129 8.07 6.91 3.57

550 20.9 0.325 0.132 8.28 7.06 .4.07
600 20.8 0.316 0.135 8.46 7.17 4.56
650 20.6 0.304 0.139 8.62 7.30 5.08
700 20.4 0.293 0.143 8.75 1.41 5.60
750 20.2 0.282 0.147 8.87 7.50 6.12

800 20.0 0.270 0.151 8.96 7. W 6.653

L 850 19.7 0.259 0.156 9.03 7.69 7.20* 900 19.5 0.249 0.160 9.08 7.Il 7.74
950 19.2 0.239 0.165 9.11 7.86 8.30

1000 18.9 0.228 0.170 9.16 7.94 8.86

1050 18.6 0.218 0.175 9.19 8.01 9.42
1100 18.3 0.207 0.181 9.22 8.07 9.93
1150 18.0 0.195 0.189 - . . - - 8.16 10. 55 ( 10. D ) * *
1200 17.7 0.184 0.197 ---- 8.24 11.16(10.54
1250 17.3 0.171 0.208 ---- 8.25 11.67(10.46

1300 17.0 0.157 0.222 ---- 8.21 12.10(10.15)
1350 16.7 0.141 0.243 ---- 7.85 12.07( 9.88)
1400 16.2 0.119 0.278 ---- 7.35 11.66(10.32)
1425 ---- 0.106 0.310* ---- ---- - - - -

1450 15.9 0.146 0.224- ---- 6.91 11.41(10.94)

1475- -- 0.156 0.210 ---- ---- ----

1500 16.0 0.164 0.200 ---- 6.80 11.71(11.62)
* Extrapolated values.
** Values in parentheses are for cooling measurements.
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5 Cr - 1/2 Mo STEEL
Instantanects Mean ~-Coefficient of Coefficient of

- Thermal Thermal Linear Thermal Linear Thermal I.inear
Temperature (Btuhrpndugtigty'Thermal

'(Btu lb-1 Specific Heg)Expagslog) (10 gstog)
ExpansicmDif(usiv Expa-(ftebrjty F (10- F- F- _(10-4 in ft-1)(F) )ft- F )

70' .16.9 0. 329 ' O.106 6.52 ---- 0.00-
100 17 3 - 0.330' O.108 6.59 6.50 U.26
150 17.8 0.332 0.110 6.71 6.65 0.66
200- 18.1 0.333' O.112 6.83 6.73 1.07
2 50 18.5 0.331 0.115 6.94 6.80 1.49

300 18.7 0.328 0.118.. 7.04 6.87 1.90
350 19.0 0.325 0.120 7.15 6.93 2.33

'400 19.1 0.320 0.123 7.25 6.97 2.76
450 19.2 0.313 0.126. 7.35 7.00 3.19
500 19.2 0.307 0.129 7.44 7.05 3.64

550 19.2 0.299 0.132 7.53 7.10 4.09
600 19.2 0.292 0.135 7.62 7.15 4.55
650 19.1 0.282 0.139 7.71 7.19 5.00
700 19.0 0.273 0.143 7.79 7.24 5.47
750 18.8 0.264 0.147 7.87 7.28 5.94

800 18.7 0.255 0.151 7.95 7.32 6.413
4, 850 18.6 0.245 0.156 8.02 7.36 6.89
* 900 18.4 0.237 0.160 8.09 7.41 7.38

950 18.2 0.227 0.165 8.16 7.44 7.86
1000 18.0 0.218 0.170 8.22 7.48 8.35

1050 17.8 0.209 0.175 8.28 7.53 8.86
1100 17.6 0.200 0.181 8.34 7.56 9.35
1150 17.3 0.189 0.189 8.40 7.60 9.85
1200 17.1 0.179 0.197 8.45 7.64 10.36
1250 16.9 0.167 0.208 8.50 7.68 10.87

1300 16.6 0.154 0.222- 8.54 7.71 11.38 '

1350 16.4 0.139 0.243 8.58 7.74 11.89
1400 16.0 0.117 0.280 8.63 7.77 12.41
1420 ---- 0.105 0.310 ---- ---- ----

1425 --- 'O.123 0.265 ---- ---- ----

1450 15.7 0.145 0.224 8.66 7.80 12.92
1500 15.8 0.163 0.200 8.69 7.84 13.45 ,

:

.
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5 Cr - 1/2 Mo - St STEEL
Instantaneous . Mean

| Coefficient of Coefficient of
'

Themal . Themal Linear Themal Linear - Themal Linear
Temperature Thermal du(Btu hr pft gt vjty Dif{usivgy Specific a}') (ft hr , (8tu lb- , (10gsig) ; Expja sig) (10-4 in ft-I)-

Exp Expansien
(F) F- 110 F-

f .70 12.2 0.240 0.105 6.52 ---- 0.00
| 100 1.2. 5 0.243 0.106 6.59 6.50 0.26
| 150 13.0 0.245 0.109 6.71 6.65 0.66
1 200 13.4 0.249 0.111 6.83 6.73 1.07

250 13.8 -0.249 0.114 6.94 6.80 1.49

300 14.1 0.249 0.117 7.04 6.87 1.90
350 14.5 0.250 0.119 7.15 6.93 2.33
400 14.8 0.249 0.122 7.25 6.97 2.76
450 15.0 'O.247 0.125' 7.35 7.00 3.19
500 15.3 0.245 0.128 7.44 7.05 3.64

| 550 15.5 0.243 0.131 7.53 7.10 4.09
600 15.7 0.241 0.134 7.62 7.15 4.55;

I 650 15.9 0.238 0.138 7.71 7.19 5.00
700 16.1 0.234 0.142 7.79 7.24 5.47
750 16.3 0.230 0.146 7.87 7.28 5.94

|

| 800 16.4 0.226 0.150 7.95 7.32 6.41' ? 850 16.5 0.220 0.154 8.02- 7.36 6.89E 900 16.6 0.215 0.159 8.09 7.41 7.38
950 16.6 0.208 0.164 8.16 7.44 7.86

1000 16.6 0.203 0.169 8.22 7.48 8.35

1050 16.6 0.197 0.1 74 8.28 7.53 8.86
| 1100 16.6 0.188 0.181 8.34 7.56 9.35

1150 16.5 0.179 0.189 8.40 7.60 9.85:

! 1200 16.4 0.171 0.197 8.45 7.64 10.36
| 1250 16.2 0.161 0.208 8.50 7.68 10.87

1300 16.0 0.149 0.222 8.54 7.71 11.33
1350 15.8 0.134 0.243 8.58 7.74 11.89i

'

1400 15.4 0.113 0.280 8.63 7.77 12.41
1420 --- 0.102 0.310 ---- ---- ----

1425 --- 0.119 0.265 ---- ---- ----

1450 15.2 0.140- 0.224 8.66 7.80 12.92
1500 15.3 0.158 0.200 8.69 7.84 13.45

~
,
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5 Cr - 1/2-Ho - Ti STEEL
~" Instantaneous Mear. ..

Coefficient of' Coefficient of
Thermal .

.

Thermal Linear Thermal Linear Thermal Linear i

h ansion
. Expansig- ) _ (10ginft-1)Specific Heg)' bpajsig- ) -! Temperature Therrpal du ty Off{usivjtyftgti (Btu lb-1 F (10 F -(10 4 FF ) (ft br- )(F) (Btu hr-

0.0070 15.9 0.30B .0.106 6.52 - - -

100 16.2 0.310 0.108 6.59 6.50 0.26

150 16.7 0.313. 0.110 6.71 6.65 0.66

200. 17.1 0.315 0.112 .6.83 6.73 1.07

250 17.5 0.314 0.115 6.94 6.80 1.49-

300 17.8 0.313 0.118 -7.04 6.87 1.90

350 18.0 0.310 0.120 7.15 6.93 2.33

400 18.2 0.305 0.123 7.25 6.97 2.76

450 18.4 0.300 0.126 7.35 7.00 3.19

500 18.5 0.295 0.129 7.44 7 '15 3.64

550 18.5 0.289 0.132 7<53 7.10 4.09'
'

600 18.5 0.283 0.135 7.62 7.15 4.55

650 18.5 0.274 0.139 7.71 7.19 5.00 ,

700 18.5 0.266 0.143 7.79 7.24 5.47 i

750 '18.4 :0.258 0.147 7.87 7.28 5.94
1

p 800 18.3 0.250 0.151- 7.95 7.32 6.41

850 18.2 0.242 0.156 8.02 7.36 6.89 ;

|w
900 18.1 0.233 0.160 8.09 7.41 7.38"

950 18.0 0.224 0.165 8.16 7.44 7.86

1000 17.8 0.216 0.170 8.22 48 8.35

1050 17.6 0.207 0.175 8.28 7.53 8.86

1100 17.4 0.198 0.181 8.34 7.56 9.35

| 1150 17.2 0.187 0.189 8.40 7.60 9.85

1200 17.0 0.177 0.197 8.45 7.64 10.36
'

1250 16.8 0.166 0.208 8.50 7.68 10.87

1300 15.5 0.153 0.222 8.54 7.71 11.38

1350 16.2 0.138 0.243 8.58 7.74 11.89

1400 15.8 'O.117 0.280 8.63 7.77 12.41

1420 ---- 0.105 0.310 ---- ---- ----

1425 ---- 0.122 0.265 - - - ---- ----

1450 15.6 0.144 0.224 8.E6 7.80 12..

1500 15.7 0.162 0.200 8.69 7.84 13.45

.
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7 Cr - 1/2 Mo STEEL
Instantaneous Mean

Coefficient of Coefficient of
Thermal Thermal Linear Thermal Linear Thermal Lir. ear.

,

Thermal pndugtigty Diffusivjty Specific HeatTeriperature '
(8tu hr- ft- F ) (ft2 hr- ) (8tu lb-I F I) (10gsicg1- (10-6 Fg- ) . .(10gansionin ft-I)

Exp a Expansi Ex
( F) - F-

70 14.1 0.278 0.105 5.82 ---- 0.00
100 14.4 0.280 0.106 5.90 5.85 0.21
150 14.9 0.281 0.109 6.03- 5.93 0.57
200 15.3 0.282 0.112 6.16 6.02 0.94
250 '15.7 0.283 0.114 6.29 6.10 1.32

300 16.0 0.282 0.117 6.41 6.15 1.70
350 16.3 0.280 0.120 6.53 6.23 2.09
400 16.5 0.277 0.123 6.64 6.29 2.49
450 16.7 0.273 0.126 6.75 6.34 2.89
500 16.9 0 268 0.130 6.87 6.40 3.30

550 17.0 0.263 0.133 6.97 6.46 3.72
600 17.1 0.257 0.137 7.C7 6.51 4.14
650 17.2 0.253 0. I '3 7.17 6.57 4.57
700 17.2 0.247 0.144 7.27 6.62 5.00
750 17.3 0.240 0.148 7.36 6.66 5.44

800 17.3 0.233 0.153 7.44 6.71 5.883
L, 850 17.3 0.226 0.157 7.53 6.77 6.34m 900 17.2 0.219 0.162 7.61 6.82 6.79

950 17.2 0.211 0.167 7.69 6.86 7.25
1000 17.1 0.202 0.174 - 7.76 6.90 7.70

1050 17.0 0.194 0.180 7.83 6.95 8.17
1100 16.8 0.184 0.188 7.90 7.00 8.65
1150 16.7 0.175 0.1% 7.97 7.05 9.13
1200 16.6 0.165 0.207 8.03 7.08 9.60
1250 16.4 0.154 0.220 8.08 7.13 10.09

1300 16.2 0.142 0.236 8.14 7.16 10.57
1350 16.0 0.128 0.257 8.19 7.20 11.06
1390 -~~- 0.112 0.290* ---- ---- ----

1400 15.6 0.136 0.237 8.23 7.24 11.56
1450 15.4 0.167 0.190 8.28 7.28 12.05
1500 15.5 0.179 0.178 8.32 7.31 12.55

* Extrapolated value.
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9 Cr:-~1'Mo STEEL T
-Insi _... laneous 1. .. Mean.
Coefficient of. Coefficient of

, . -

Thermal = .
.

Thermal Linear Thermal Linear' : Thennal linear?
Dif : Expa - ExTemperature ~ .' Thermal {ondugtivjty. '- ( f t{usivj ty - SpecificHea{). ; Expagslog) -(10gsto{) (10jansionin ft-l)'

'

br- ) - {Bt's 1b- F- (10- F
'

F--(F) (8tu br ft- F )

70 '12.8 0.256 ' O.105' 5.82-- ---- ~0.00
:100 .13.1 0.258' O.106 5.90 - 5.85 0.21'
.150 : .13.6 0.260, 0.109 6.03 5.93 0. 57 --
'200 14.0, > 0.261 - .0.112 6.16 -- 6.02 0.94,

"250 :14.4 0.263 0.114 L6.29 6.10 1.32

300 14.7 0.262 0.117 '6.41 6.15 1.70
350' 15.0 0. 261 '. . 0.1?0 . 6.53 6.23 -2.09
400 :15.2 0.259 0.123 6.64 6.29 2.49
450 '15.4 0.256- 0.126 6.75 6 . 34 2.89

-500 15.6 0.253 0.129 6.87 6.40 3.30

:550 15.8 0.249- :0.133 6.97 6.46 '3.72
600 15.9 0.245 ,0.136 7.07 6.51 4.14
650 16.0 0.240 0.140 7.17 6.57 4.57

'700 16.0 0.235 0.144 J.27- 6.62 5.00
750 .16.1 0.229 0.147- 7.36 6.66 5.44

> c100 - 16.1- 0.222 0.152 - 7.44- 6.71 5.88
0 850 16.2. 0.214 0.157 7.53 6.77 6.34 ,

"
900 16.1 0.207 0.163 7.61 6.82 6.79
950 16.1 0.199 0.169 7.69 6.86 7.25

1000 16.1 0.192 0.175 7.76 6.90 7.70

1050- 16.0 0.182 0.183 7.83 6.95 8.17-
1100 16.0 0.174 0.191 7.90 7.00 8.65
1150 ~15.9 0.165 0.201 7.97 7.05 9.13
1200 15.8 0.155 0.213- 8.03 7.08 9.60
1250 15.7 0.143 0.229 8.08 ,7.13 10.09

,

1300 15.6 0.131 0.250 8.14 7.16 10.57
1350 15.5 0.117 0.276 8.19 7.20 11.06
1375- ---- 0.109 0.295* ---- ---- ---

1400 15.2 0.147- 0.216 8.23 7.24 11.56
1450 '15.0 0.165- 0.190 8.28 7.28 12.05
1500 15.0 0.177 0.178 8.32 7.31 12.55

* Extrapolated value.
.
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'Mn' *., STEEL'-

Instantaneous Mean
Coefficient of. - Coefficient of

Thermal

: Thermal pft gtig ty". Dif{usivjty' Specific Heap)'
Thermal Linear' Thermal Linear Thermal' Linear-

Tenperature du Expa Expa '. Ex
- (10gslog) {10gsiogJ' (10 gansionin ft-l)(F) -(8tu hr- F ) (ft hr- ), . (8tu lb- F F- F-

70 24.1 'O.468 0.105- 6.60 ---- 0.00
100 24.5 0.467 0.107 .6.79 6.68 0.24
150 25.0 .O.459 0.111- -7.00 6.80 0.65
200 25.3 .0.453 0.114 7.20 6.90 1.08
250 25.6 .0.446. 0.117 7.40 '7.05 1.52

300 25.7 0.437
~

~

0.120 7.58 7.15 1.97
350 25.7 0.427 0.123 7.75 7.25 2.44
400 25.6 0.415 0.126 7.90' 7.33 2.90
450 25.4 0.406 0.128 8.05 7.40'- 3. U
500 25.2 0.393 0.131 8.17, 7.50- 3.88 . ;

550 24.9 0.379 0.134 8.30 7.58 4.37
600 24.6 0.369 0.136 8.40 7.65 4.8f
650 24.2 ~ 0.356 - 0.139 8.50 -7.74 5.39
700 23.8 0.340- 0.143 8.60 '7.80 5.90
750 '23.4 0.328 0.146 8.70 7.87 6.42

2 800 23.0 0.313 0.150 8.78 7.93 6.95L 850- 22.5 0.298 0.154 8.85 8.00 7.49*
900 22.1 0.286 0.158- 8.90 8.05 8.02.
950 21.7 0.273 0.162 8.% 8.10 8.55

1000 21.2 0.259 0.167 9.00 8.15 9.10

1050 20.7 0.246 0.172 9.05 8.18 9.62
1100 20.2 '0.231 0.178 9.08 8.23 10.17
1150 19.7' O.216 0.186 9.12 8.26 10.70
1200 19.2 0.200 0.1% 9.15 8.30 11.26
1250 18.7 0.184 0.208 9.18 8.35 11.82

1300 18.0 0.166 0.224 9.20 8.37 12.36
1350 17.2 0.146 0.247 9.24 :. 8.42 12.93
1400 15.8 0.00F 0.330* 9.25 8.45 13.49
1450 15.5 0.133 0.230 9.28 8.48 14.04
1500 15.6 0.165 0.187 9.30 8.50 14.59

* Extrapolated value.
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Mn - 1/4 Ho STEEL
Instantaneous Mean

Coefficient of -Coefficient of' . . --

Thermal Thermal Linear lhermal Linear Thermal Linear
Temperature Thermal pndugttvjty Off{usiv{ty SpecificHeaj) Expagstog) ~ Expagstop {10 gansionin ft-ll

Ex
(F)' -(8tu br- ft- F ) (ft hr- ) (Btu lb- F (10 F- (10- F-j_

70 19.6 'O.381 0.105 ' 7' . 02 ---- 0.00
100' 20.0 0.380 0.107 7.13: 7.06 0.25
150 20.4 0.376 0.111 7.29 '7.16 'O.69
200 20.8 0.373 0.114 '7.45 7.25 ~1.13
250 21.1 0.369 0.117 - 7.60 7.34 1.58

300 21.3 0.363 0.120 7.74 7.43 2.05
350 21.4- 0.357 ' O.123 7.88 7.50 2.52
400 21.4 0.347 0.126 8.01 7.58 3.00
450 21.4 0.341 0.128- 8.'13 7.63 3.48
500 21.3 0.332 0.131 8.25 7.70 3.97

550 21.2 0.323 0.134 8.36 7.77 4.48-
600 21.0 0.316 0.136- 8.46 7.83 4.98
650- 20.9 0.306 0.139 8.55 7.90 5.50
700 20.7 -0.295 0.143 8.63 .7.94 6.00
750 26.4 C.286 0.146 8.71 8.00 6.53

800 20.2 0.275 0.150 8.78 8.05- 7.06P 850 19.9 0.263 0.154 8.84 8.10 7.58M 900 19.6 0.254 0.158 8.90 8.14 8.11
950 19.3 0.244 0.162 8.95 8.19 8.65

1000 13.0 0.233 0.167 8.99 8.23 9.18

1050 18.7 0.222 0.172 9.03 8.27 9.72
1100 18.4 0.210 0.178 9.06 8.31 10.27
1150 18.0 0.1 98 0.186 9.07 8.34 10.81
1200 17.6 0.184 0.196 9.08 8.37 11.35
1250 17.3 0.169 0.208 9.09 8.41 11.90

1300 16.8 0.153 0.224 9.09 8.43 12.44
1350 16.0 0.136 0.247 9.09 8.46 13.00
1400 14.7 0.088 0.330* 9.09 8.48 I?.54
1450 14.6 0.125 0.230 9.09 8.r0 14.08
1500 14.8 0.157 0.187 9.J9 8.52 14.62

* Extrapolated value.

.
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Mn - 1/2 Mo STEEL
-Instantaneous Mean-'

'

Coefficient of Coefficient ~of
. . Thermal Thermal Linear Thermal Linear Thermal Linear

Temperature. : Thermal ndugti ty -Dif{usivjty. Specific Hea{) . ~(10gsfog)
Expa

. Expagslog) (10-c in ft-1)!
Ex p ans ion --

(Btu lb-1 F, F-(F)- (8tu hr- ft F )' (ft br- ) - (10- F-

70- 23.3 .0.455 0.105' 7.02 ---- 0.00
100 23.6 0.451' O.107 7.13 7.06 0.25 -
150 24.1 0.444 0.111 7.29 7.16. 0.69 -
200 24.C '0.437 0.114 7.45 7.25 1.13-
250 2d 6 0.429 0.117 7.60' 7.34 1.58-

300 24.7 0.420 0.120 '7.74 7.43 2.05
350 24.7. 0.409 0.123 .7.88 7.50 2.52
400 24.6 0.398 3.126 8.01 7.58 3.00
450 24.4 0.383 0.128 8.13 7.63 3.48
500 24.2 0.377 0.131 8.25 7.70 3.97

550 23.9 0.364 0.134 8.36^ 7.77 4.48
600 23.5 'O.353 0.136 8.46 7.83 4.98
650 23.2 0.340 0.139 8.55 7.90 5.50
700 22.8 0.328 0.143 C 63 7.94- 6.00
750 22.4 0.314 0.146 8.71 8.00 6.53

800 22.0' O.300 0.150 8.78 6.05 7.063

L 850- 21.6 0.286 0.154 8.84 8.10 7.58
* 900 21.2 0.274 0.158 8.90 8.14 8.11

950 20.8 0.262 0.162 8.95 8.19 8.65
1000 20.4 0.249 0.167 8.99 8.23 9.18

1050 19.9 0.237 0.172 9.03 8.27 9.12
.1100 19.5 0.223 0.178 9.06 8.31 10.27
1150 19.0 0.209 -0.186 9.07 8.34 10.81
1200 18.6' O.193 0.196 9.08 8.37 11.35>

1250 18.1 0.178 0.208 9.09 8.41 11.90

1300 17.6 0.161 0.224 9.09 8.43 12.44
1350 17.0 0.142 0.247 9.09 8.46 13.00
1400 16.1 0.103 0.330* 9.09 8.48 13.54
1450 15.3 0.137 0.230 9.09 8.50 14.08
1500 15.5 0.164 0.187 9.09 8.52 14.62

* Extrapolated value.
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Mn - 1/2 Mo - 1/4 Ni STEEL
~

Instantaneous Mean *

Coefficient of Coefficient of
Thermal

.
Thermal Linear Thermal Linear Thermal Linear

Temperature
Thermal {ondutivI)y' Difjusivty SpecificHea{) (10b.sto

b papsio ' Ex ansionit bpa
(Dtu lb-I F- F- ) (10-0 F- ) {10- in ft-l)(Btu hr- ft- F- (ft br-(F)

70 22.7
100 23.1

~ 0.437 0.106 7.02 ---- 0.00
0.436 0.108 7.13 7.06 0.25

150 23.5 0.433 0.111 7.29 7.16 0.69
200 23.8 0.429 0.114 7.45 7.25 1.13
250 24.1 0.4i3 0.117 7.60 7.34 1.5a

300 24.2 -0.415 0.119 7.74 7.43 2.05
350 24.2 0.405 0.122 7.88 7.50 2.52
400 24.1 0.394 0.125 8.01 7.58 3.00
450 24.0 0.383 0.128 8.13 -7.63 3.48
500 23.8 0.371 0.131 8.25 7.70 3.97

550 23.5 0.358 0.134 8.36 7.77 4.48
600 23.2 0.346 0.137 8.46 7.83 4.98-
650 22.9 0.334 0.140 8.55 7.90 5.50
700 22.5 0.322 0.143 8.63 7.94 6.00
750 22.2 0.310 0.146 8.71 8.00 6.53

y 800 21.8 0.297 0.150 8.78 8.05 7.06
g 850 21.4 0.283 0.154 8.84 8.10 7.58

900 21.0 0.272 0.158 8.90 8.14 8.11
950 20.6 0.257 0.164 8.95 8.19 8.65

1000 20.2 0.243 0.170 8.99 8.23 9.18

1050 19.8 0.230 0.176 9.03 S.27 9.72
1100 19.4 0.215 0.184 9.06 8.31 10.27
1150 18.9 0.200 0.193 9.07 8.34 10.81
1200 18.5 0.135 0.203 9.08 8.37 11.35
1250 18.0 0.171 0.215 9.09 8.41 11.90

1300 17.6 0.155 0.232 9.09 8.43 12.44
1350 17.0 0.136 0.256 9.09 8.46 13.00
1400 16.0 0.102 0.330* 9.09 8.48 13.54
1450 15.3 0.146 0.207 9.09 8.50 14.08
1500 15.4 0.166 0.184 9.09 8.52 14.62

* Extrapolated value.

.
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'Mn - 1/2 No - I/2 Ni STEEL.
' Instantaneous Mean ,

~ Coefficient of Coefficient of'
Themal Themal Linear Thermal Linear Thermal Linear

Tenperature ~ Thermal {ondugtiv{ty- Dif{usivjty Specific Heg)' (10gslog) Expagstog) (10-2 in ft-1)
,Expa Expansion

(Stu lb-1 F F (10- F'(F) (8tu hr- ft- F )- (ft br- ) '

70 22.3- 0.429 0.106' 7.02- ---- 0.00-
'100 22.6 0.427 0.108 7.13 7.06 0.25'
150' 23.1- 0.424 0.111- 7.29 7.16 0.69
200 23.4 0.420 0.114 7.45 7.25 .1.13-

250 23.7 0.415 0.117 7.60 7.34 1.58

300 23.8 0.408 0.119 7.74 7.43 2.05
350 23.8 0.399 0.122 7.88 7.50 2.52
400 23.8. 0.389 0.125 8.01 7.58 3.00
450 23.7 0.378 0.128 8.13 7.63 3.48
500 23.5 0.366 0.131 8.25 7.70 3.97

550 23.2 0.354 0.134 8.36 7.77 4.48
600 23.0 'O.342- 0.137 8.46 7.83 4.98
650 22.7 0.330 0.140 8.55 7.90 5.50
700 22.3- 0.319 0.143 8.63 7.94 6.00
750 22.0 0.308 0.146' 8.71 8.00 6.53

800 21.7 0.295 0.150 8.78 8.05 7.06
? 850 21.3 0.281 0.154 8.S4 8.10 7.58 .
M 900 20.9 0.269 0.158 8.90 8.14 8.11

950 20.5 0.256 0.164 8.95 8.19 8.65
1000 20.1 0.242 0.170 8.99 8.23 9.18

1050 19.7 0.229 0.176 .9.03 8.27 9.72
1100 19.3 0.214 0.184 9.06 8.31 10.27
1150 18.9 0.200 0.193 9.07 8.34 10.81
1200 18.4 0.185 0.203 9.08 8 37 11!35-
1250 18.0 0.171 0.215 9.09 8.41 11.90

1300 '17.5 0.154 0.232 9.09 8.43 12.44
1350 16.6 0.136 0.256 9.09 8.46 13.00
1400 15.4- 0.093 0.330* 9.09 8.48 13.54
1450 15.2 0.145 0.207 9.09 8.50 14.08
1500 15.4 0.166 0.184 9.09 8.52 14.62

* Extrapolated value.
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' Nn - 1/2 Mc - 3/4. Ni STEEL
Instantaneous . Mean

_.Coefficient of ' Coefficient of
Thermal Thermal Linear Thernal Linear Thermal. LinearTeg erature' Thermalpondugti ty Dif{usivjty SpecificHeg)' -bpaysfog) Expa siop) (10pansionin ft-l)

Ex(10jF( F) (Btu hr- ft- F ) (ft br- ) (Btu lb- F (10 F

70 21.8 0.419 0.106 7.02 ---- 0.00
100 22.1 0.418 0.108 7.13 7.06 0.25
150- 22.6 0.415 0.111- 7.29 7.16 0.69
200 22.9 0.411 0.114 7.45 7.25 1.13
250 23.2 0.406 0.117 7.60 7.34 1.58-

300 23.4 0.400 0.119 7.74 7.43 2.05
350 23.4 0.392 0.122- 7.88 7.50 2.52
400 23.4 0.383 -0.125 8.01 7.58 3.00'450 23.3 0.372 0.128 8.13 7.63 3.48
500 23.2 0.361 0.131 8.25 7.70 3.97

550 22.9 0.349 0.134 8.36 7.77 4.48600 22.7 0.338 0.137 8.46 7.83 4.98
650 22.4 0.326 0.140 8.55 7.90 5.50
700 22.1 0.315 0.143 8.63 7.94 6.00-750 21.8 0.304 0.146 8.71 8.00 6.53

2, 800 21.5 0.292 0.150 8.78 8.05 7.F4, 850 21.1 0.279 0.154 8.84 8.10 7..*
900 20.8 0.267 0.158 8.90 8.14 8.11
950 20.4 0.254 0.164 8.95 8.19 8.65

1000 20.0 0.240 0.170 8.99 8.23 9.18

1050 19.6 0.227- 0.176 9.03 8.27 9.721100' 19.2 0.213 0.184 9.06 8.31 10.27
1150 18.8 0.199 0.193 9.07 8.34 19.81
1200 18.4 0.185 0.203 9.08 8.37 11.35
1250 17.9 0.170 0.215 9.09 8.41 11.90

1300 17.4 0.154 0.232 9.09 8.43 12.44
1350 16.6 0.136 0.256 9.09 8 46 13.00
1400 15.4 0.093 0.330* 9.09 8.48 13.54
1450 15.2 0.146 0.207 9.09 8.50 14.08
1500 15.4 0 166 0.184 9.09 8.52 14.62

* Extrapolated value.
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1/2 Nf - 1/2 Mo-V STEEL.
Instantaneous Phan

Coefficient of Coefficient of
Themal Thermal Linear Thermal Linear Thermal Linear

Tem erature
ift(usiv{ty (Btulb-{heag) Expgsig- ) Expgsig- ) (10-< in f t-l)

Thermal
1Btubr-{ondugtivj)ty

Dif Specific Ergansion
(F) - br- ) F (10 F (10 Fft- F-

70 21.8 0.420 0.106 6.41 ---- 0.00
100 22.0 0.414 0.109 6.53 6.50 0.24 i
150 22.2 0.406 0.112 6.73 6.57 0.64
200 22.2 0.3% 0.115 6.93 6.G7 1.04
250 22.2 0.386 0.118 7.12 6.77 1.45

300 2-. : 0.377 0.121 7.30 6.87 1.90
350 Zi.1 0.36C 0.124 7.49 6.98 2.36
400 22.0 0.359 0.127 7.66 7.07 2.81
454 21.8 0.349 0.129 7.84 7.15 3.25
500- 21.7 0.340 0.132 8.03 7.25 3.74,

550 21.5 0.331 0.134 8.21 7.34 4.22
600 21.2 0.321 0.137 8.35 7.42 4.68
650 21.0 0.311 0.140 8.51 7.52 5.23
700 20.7- 0.301 0.143 8.64 7.59 5.74
750 20.5 0.291 0.146 8.78 7.63 6.26

800 20.2 12 0.150 8.90 7.76 6.80,

L 850 19.9 12 0.153 9.08 7.85 7.30
o 900 19.7 0.262 0.157 9.13 7.89 7.86

950 19.4 0.253 0.161 9.22 7.98 8.41
1000 19.1 0.242 0.165 9.30 8.05 8.99

1050 18.8 0.231 0.171 9.39 8.13 9.56
1100 18.5 0.219 0.178 9.45 8.19 10.13
1150 18.1 0.206 0.186 9.51 8.27 10.72
1200 17.7 0.190 0.197. 9.56 8.32' 11.28

,.

1250 17.2 0.174 0.209 9.59 8.36 11.83 1

1300 16.6 0.156 0.225 9.62 8.37 12.35
1350 15.4 0.131 0.249 - ~ ~ 8.30 12.80**
1390 --- 0.310 - - - --- ----

1400 15.1 0.123 0.261 --- 8.14 13.00**
1450 15.0 0.170 0.188 ---- 7.90 13.08**

1500 15.0 0.189 0.168 --- 7.56 12.97+*
1550 15.1 0.204 0.156 --- 7.11 12.62** f
1600 15.2 0.227 0.148 --- 6.94 12.7?** !
1650 ---- - - - ---- --- 6.92 13.13
1700 -- 7.04 ;3.76

F

**These values are for measurements with increasing temerature and may possibly be lower for measurements with decreasing
temperature.

4

i
-

.

i
, !

, - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _



~ .
_ _ _ _ _ _ _

s

i

; 1/2 Qi - 1/2 Cr - 1/4 Mo-Y STEEL
! Instantaneous Mean

Coefficient of Coefficient of' '

Themal Therwai Linea" Thermal Linear Thermal Linear

SpecificHeg) (10jsicg) bpgsig- ) (10jansionin ft-l)
bpa bTerperature Thermal fdugtivjty y(usivjtyDif

,

F- (10 F(Etu lb- Fhr- )| (F) (Stu hr- ft- PA)

70 24.3 0.475 0.106 6.41 --- 0.00
100 24.5 0.468 0.109 6.53 6.50 0.24
150 24.6 0.457 0.112 6. 73 6.57 0.64
200 24.7 0.445 0.115 6.93 6.67 1.04
250 24.6 0. 4 34 0.118 7.12 6.77 1.45

300 24.5 0.423 0.121 7.30 6.87 1.90
1 350 24.4 0.411 0.124 7.49 6.98 2.36
i 400 24.1 0.399 0.127 7.66 7.07 2.81
! 450 23.9 0.388 0.129 7.84 7.15 3.25

500 23.6 0.376 0.132 8.03 7.25 3.74

550 23.3 0.364 0.134 8.21 7.34 '.22
600 22.9 0.352 0.137 8.35 7.42 4.68
650 22.6 0.339 0.140 ti. 51 7.52 5.23
700 22.2 0.327 0.143 8.64 7.59 5.74
750 21.8 0.'13 0.146 8.78 7.68 6.26

800 21.5 0.304 0.150 8.90 7.76 6.60
?- 850 21.1 0.293 0.153 9.04 7.85 7.30
0 900 20.8 0.281 0.157 9.13 7.89 7.86

950 20.4 0.269 0..: 9.22 7.98 8.41
1000 20.0 0.257 0.165 9.30 8.05 8.99

1050 19.6 0.244 0.171 9.39 8.13 9.56
1100 19.2 0.231 0.178 9.45 8.19 10.13
1150 18.8 0.215 0.185 9.51 8.27 10.72
1200 18.3 0.199 0.197 9.56 8.32 11.28
1250 17.7 0.181 0.209 9.59 8.36 11.83

1300 16.9 0.161 0.225 9.62 8.37 12.35
1350 15.7 0.135 0.249 --- 8.30 12.80 "
1390 ---- --- 0.310 --- ---- ----

1400 15.3 0.125 0.261 ---- 8.14 13.00 "
1450 15.2 0.174 0.188 -~~- 7.90 13.0d "

1500 15.1 0.193 0.16- ---- 7.56 12.97~
1550 15.1 0.209 0.156 - - - 7.11 12.62 "
1600 15.3 0.221 0.148 ---- 6.94 12. 74 **

---- ---- ---- ---- 6.92 13.131650
1700 - - - ---- ---- ---- 7.04 13.76

**These values are for measurements with increasing temerature and n:ay possibly be Tower for measurements with Areasing
tercerature.
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3/4 N1 - 1/2 Mo-Cr-V STEEL- I

Instantaneous Mean I

Coefficient of Coefficient of
Themal Themal t.inear Themal t.inear Thermal Linear

Tomerature Thermal {ondo{tiv{ty Diffusiv{ty SpecificHea{) bogston bpaqsion Ugansion
(F) (8tu hr- ft- F- ) (ft2 hr- ) (8tu lb- F_ (10 F-1) (10-6 p-1) (104 in ft-Il

70 21.8 0.420 0.106 6.41 -- 0.01
100 22.0 0.415 -0.109 6.53 6.50 0.24
150 22.3 J.407 0.112 6.73 6.57 0.64
200 22.4 0.399 0.115 6.93 6.67 1.04
250 22.4 0.390 0.118 7.12 6.77 1.45

300 22.4 0.382 0.121 7.30 6.87 1.90
350 22.4 0.373 0.124 7.49 6.98 2.36
400 22.3 0.364 0.127 7.66 7.07 2.81
450 22.1 0.355 0.129 7.84 7.15 3.25
500 22.0 0.345 0.132 8.03 7.25 3.74

550 21.8 0.335 0.13a 8.21 7.34 4.22
600 21.5 0.325 0.137 8.35 7.42 4.68
650 21.3 0.315 0.140 8.51 7.52 6.23 |

700 21.0 0.305 0.143 8.64 7.59 5.74 1

750 20.~ 0.295 0.146 8.78 7.68 6.26 )
,

800 20.4 0.285 0.150 8.90 7.76 6.8C
y 850 20.1 0.275 0.153 9.04 7.85 7.30
|; 900 19.8 0.265 0.157 9.13 7.89 7.86 j

950 19.5 0.255 0.161 9.22 7.98 8.41 ;

1000 19.2 0.244 0.165 1.30 8.05 8.99 I
'

1050 18.9 0.232 0.171 9.39 8.13 9.56
1100 18.5 0.220 0.178 9.45 8.19 10.13
1150 18.2- 0.206 0.186 9.51 8.27 10.72
1200 17.8 0.1 90 0.197 9.56 8.32 11.28 i

1250 17.3 0.175 0.209 9.59 8.36 11.83 |

1300 16.6 0.156 0.225 9.62 8.37 11.35
1350 15.5 0.131 0.249 8.30 12.80**
1390 ---- 0.310 - - - ----

|
1400 15.1 0.123 0.261 --- 8.14 13.00 " i

1450 15.0 0.169 0.188 -- 7.90 13.08 " 1

1500 15.0 0.189 0.163 --- 7.56 12.97"
1550 15.0 0.203 0.156 ---- 7.11 12.6?**
1600 15.1 0.216 0.148 ---- 6.94 12.74**
1650 - - - ---- -- -- 6.92 13.13 |

1700 --- --- 7.04 13.76 i

**These values are for measueements with increasing temp - ture and may possibly be lower for ceasuremnts with decreasing
tenperature.
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s
3/4 Ni - 1/2 Cu-Mo STEEL

Instantaneous Non
Coefficient of Coefficient of

Thermal Themal Linear Thermal Linear Thermal Linear
,

Tenperature Jhempl
ductivity hr-1) (Btulb-{uslyftyDif

(10geci*ic Heat (10-6 p-1) (10-2
Exppnsion Expa isjonF-1)(F) (Btu hr-* ft-2 F- ) (ft F-1) in 't- )

70 27.7 0.534 0.106 6.41 --- 0.00
100 27.7 0.523 0.109 6.53 6.50 0.24
150 27.6 0.506 0.112 6.73 6.57 0.54
200 27.4 0.4SS 0.115 6.93 6.67 1.04
250 27.2 0.472 0.11 8 7.12 6.77 1.45

300 26.9 0.457 0.121 7.30 6.87 1.90
350 26.5 0.442 0.124 7.49 6.98 2.36
400 26.2 0.427 0.127 7.66 7.07 2.81
450 25.8 0.412 0.129 7.84 7.15 3.25500 25.3 0.397 0.132 P.03 7.25 L.74

550 24.8 0.382 0.134 8.21 7.34 ,t
600 24.3 0.368 0.137 8.35 7.42 i -t3
650 23.8 0.353 0.140 8.51 7.52 i3
700 23.3 0.339 0.143 8.64 7.59 5.74
750 22.9 0.326 0.146 8.78 7.68 6.26

,

800 22.4 0.312 0.150 8.90 7.76 6.80Y 850 22.0 0.300 0.153 9 ')4 7.85 7.300 900 21.5 0.287 0.157 9.13 7.89 7.86
950 21.1 0.275 0.161 9.22 7.98 8.41"

1000 20.7 0.262 0.165 9. *, 8.05 8.99

1050 20.2 0.249 0.171 9.39 8.13 9.56
1100 19.8 0.234 0.178 9.45 8.19 10.13
1150 19.3 0.219 0.186 9.51 8.27 10.72
1200 18.7 0.201 0.197 9.56 8.32 11.28
1250 18.1 0.183 0.209 ?.59 8 36 11.83

1300 17.3 0.163 0.225 9.62 8.37 12.35
1350 15.9 0.135 0.249 8.30 12.00**----

1390 ---- 0.310 - . - ---- ----

1400 15.5 0.126 0.261 8.14 13.00**---

1450 15.4 0.174 0.188 7.90 13.08**- - -

1500 15.3 0.193 0.168 ---- 7.56 12.97**
1550 15.4 0.2Da 0.156 ---- 7.11 12.62**
1600 15.5 0.7; 0.148 ---- 6.94 12.74 **
1650 --- -- - - - - - - 6.92 13.131700 -- --- -- 7.04 13.76

**Ihese values are for measurements with increasing terperature a'd may possibly be lower for measurements with decreasing
tenverature.
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3/4 Ni - 1/2 No - 1/3 Cr-V STEEL
Instantaneous cean

Coefficient of Coefficient of
Thermal Thermal Linear Thermal Linear Thermal L*7ar

Tem erature Thermal {ondugtivjty Dif{usivjty Specific Hea+
bpa sig- ) beapsig-) (10-2 in ft-I){10g F (10-0 F(F) (Stu hr- ft- F- ) (ft br- ) (Btu lb-1 F I)

70 23.6 0.454 0.106 6.41 - - - 0.00
100 23.7 0.447 0.109 6.53 6.50 0.24
150 23.9 0.437 0.112 6.73 6.57 0.64
200 24.0 0.427 0.115 6.93 6.67 1.04
250 24.0 0.416 0.118 7.12 6.77 1.45

300 23.9 0.406 0.121 7.30 6.87 1.90
350 23.7 0.3% 0.124 7.49 6.98 2.36
400 23.6 0.385 0.127 7.66 7.07 2.81
450 23.3 0.374 0.129 7.84 7.15 3.25
500 23.1 0.362 0.132 8.03 7.25 3.74

550 22.7 0.350 0.134 8.21 7.34 4.22
600 22.4 0.339 0.137 8.35 7.42 4.68
650 22.1 0.327 0.140 8.51 7.52 5.23
700 21.7 0.316 0.143 8.64 7.59 5.74
750 21.4 0.304 0.146 8.78 7.63 6.26

800 21.0 0.293 0.150 8.90 7.76 6.90,
; 850 20.7 0.282 0.153 9.03 7.85 7.30
4- 900 20.3 0.271 0.157 9.13 7.89 7.86

950 20.0 0.260 0.161 9.22 7.98 8.41
100n '19.6 0.249 0.165 9.30 8.05 8.99

1050 19.2 0.237 0.171 9.39 8.13 9.56
1100 18.9 0.223 0.178 9.45 8.19 10.13
1150 18.4 0.209 0.186 9.51 8.27 10.72
1200 18.0 0.193 0.197 9.56 ? 32 11.28
1250 17.5 0.177 0.209 9.59 - . 36 11.83

1300 16.7 0.157 0.225 9.62 8.37 12.35
1350 15.6 0.132 0.249 -- 8.30 12.80**
1390 -- 0.310 --- ---- ----

1400 15.2 0.123 0.261 -- 8.14 13.00**
1450 15.1 0.170 0.188 ---- 7.90 13.08**

1500 15.0 0.189 0.168 - - - 7.56 12.97**
1550 15.1 0.204 0.156 ---- 7.11 12.62**
1600 15.2 0.217 0.148 --- 6.94 12.74**
1650 ---- --- ---- - - - 6.92 13.13
1700 - - - --- 7.04 13.76

**These values are for measurements with increasing terperature and may possibly be lower for measurecer<ts with decreasing
tem erature.
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3/4 Ni - 1/2 Cr - 1/2 Mo-V STEEL Instantaneous Mean #

Coefficiert of Loefficient of
Thermal Thermal Linear Thermal Linear Thermal Linear

Expaasicy) (10-4_ in ft-I)
ExpansionDif'usivjty Spec ific, Heag-) (10-b F-1)Tem erature Thermal {or.ductivjty (104 F-Ab r- ) (Etu Ib-2 F-(ft(F) (Stu hr- ft-1 F- ) h

70 21.8 0.420 0.106 6.a1 --- 0.00

100 22.0 0.415 0.109 6.53 6.50 0.24

150 22.3 0.407 0.112 6.73 6.57 0.64

200 22.4 0.399 0.115 6.93 6.67 1.04
'

250 22.4 0.390 0.118 7.12 6.77 1.45

300 22.4 0.382 0.121 7.30 6.87 1.90

350 22.4 0.373 0.124 7.49 6.98 2.36

400 22.3 0.364 0,127 7.66 7.07 2.81

450 22.1 0.355 0.129 7.34 7.15 3.25

500 22.0 0.345 0.132 8.03 7.25 3.74

550 21.8 0.335 0.134 8.21 7.34 4.22

600 21.5 0.325 0.137 8.35 7.42 4.68

I 650 21.3 0.315 0.140 8.51 7.52 5.23

700 21.0 0.305 0.143 8.64 7.59 5.74

750 20.7 0.295 0.146 8.78 7.68 6.26

800 20.4 0.285 0.150 S.90 7.76 6.80

1. 850 20.7 0.275 0.153 9.04 7.85 7.30>

900 19.8 0.265 0.157 9.I3 7.89 7.56"'

950 19.5 0.255 0.161 9.22 7.98 8.41

1000 19.2 0.244 0.165 9.30 8.05 8.99

1050 18.9 0.232 0.171 9.39 8.13 9.56

1100 18.5 0.220 0.178 9.45 8.19 10.13

|
1150 18.2 0.206 0.186 9.51 8.27 10.72

| 1200 17.8 0.190 0.197 9.56 8.32 11.28

1250 17.3 0.175 0.209 9.59 8.36 11.83

1300 16.6 0.156 0.225 9.62 S.37 12.35

1350 15.5 0.131 0.249 --- 8.30 12.80**
0.310 - - - --- ----

1390 ---

1400 15.1 0.123 0.261 ---- 8.14 13.00**

1450 15.0 0.169 0.188 -- 7.90 13.08**

1500 15.0 0.189 0.168 - - - 7.56 12.97**

1550 15.0 0.203 0.156 7.11 12.62**|

1600 15.1 0.216 0.148 ---- 6.94 12.74**'

1650 ---- ---- ---- - -- 6.92 13.13

1700 ---
---- ---- 7.04 13.76

**These values are for measurements with increasing temerature and may possibly be lower for measurements with dacreasing
tem erature.
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l
.

3/4 Ni ' .1 Mo - 3/4 Cr STEEL
Instantaneous- Mean

Coefficient of Coefficient of |>

Themal Themal Linear Themal Linear Thermal Linear
ExpaosfoTeeperature Thermal {ondujtigty Dif{usivjty SpecificHeag) Expagstop) (10-0Fg) (10-2 in ft-I)(F) (Stu hr- ft- F ) (ft br- ) (8tu Tb- F (10 F-'

70 22.1 0.427 0.106 6.41 0.00
100 22.3 0.422: 0.109 6.53 6.50 0.24'

150 22.5 0.414 0.112 6.73- 6.57 0.64
200' 22.6 0.435 0.115 6.93 6.67 1.04
250 22 7 0.396 0.118 7.12 6.77 1.45

i 300 22.7 0.388 0.121 7.30 6.87 1.90
350 22.6 0.379 0.124 7.49 6.98- 2.36
400 22.5 0.269 0.127 7.66- 7.07 2.81

-450 22.4 0.360 0.129 7.84 7.15 3.25-

500- 22.2 0.349 0.132 8.03 7.25 3.74i

I 550 21.9 0.339 0.134 8.21 7.34 4.22
600 21.6 0.328 0.137 3.35 7.42 4.68
650 21.3 0.317 0.140 8.51 7.52 5.23
700 21.0 0.307 0.143 8.64 7.59 5.74
750 20.7 0.296 0.146 8.78 7.68 6.26

800 20.4 0.286 0.150 3.90 7.76 6.80
' ? 850 20.1 0.276 0.153 9.04 7.85 7.30

3; 900 19.8 0.265 0.157 9.13 7.89 7.86 i

950 19.4 0.255 0.161 9 22 7.98 8.41 |

1000 19.1 0.244 0.165 9.30 8.05 8.99

1050 18.8 0.232 0.171 9.39 8.13 9.56'

1100 18.4 0.219 0.178 9.45 8.19 10.13
i 1150 18.0 0.205 0.186 9.51 8.27 10.77 |

j' 1200 17.6 0.190 0.197 9.56 8.32 11.28
1250 17.1 0.174 0.209 9.59 8.36 11.83

|-
' 1300 16.4 0.155 0.225 9.62 8.37 12.35

1350 15.3 0.131 0.249 --- 8.30 12.80**
1390 - - - 0.310 ---- ---

,

1400 15.C 0.123 0.251 ---- 8.14 13.00**
7.90 13.08**1450"- 14.9 0.169 0.188 ---

1500 14.8 0.188 0.168 --- 7.56 12.97**
1550 14.9 0.202 0.156 - - - 7.11 12.52** ,

1600 15.0 0.215 0.148 -- 6.94 12.74** '

1650 --- - - - --- --- 6.92 13.13 l

1700 --- ---- 7.04 13.76
i

**These values are for sneasurements with increasing te perature and may possibly te icwer fo- measurements with decreasing ~

temperature.
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1 51 ;1/2 Cr - 1/2 Mo STEEL' "

Instantaneous Fean !
''Coefficient of Ccefficient of

Thermal- . Tht_nsal Linea *. Thermal Linear Theeral Linear
; Temperature Thermal fonductivjty _SpecificHeag)

Espapsico ExcapsicoDif'usiv{ty'! (F) .(Btu br-1 ft-I F- ) .(ftI hr- ) (Stu lb-1 F- .(10-0 F-1) -(10-9 F-1) (10-2 in ft-1)
70 23.7 0.459 0.105 6.41 0.00 [

.100. 23.9 0.454 0.109 6.53 6.50 0.24.

,

150 ~24.1 0.443 0.112 6.73 6.57 0.64 '

200, 24.2- 0.432 0.115 6.93 6.67 1.04- .

250'- 24.2 0.422 0.118 7.12 6.77 1.45
- ;

L 300' '24.1 0.411 0.,121- 7.30 6.8.7 1.90'

350 24.0 0.401 'O 124 7.49 6.98 2.35
,

400. 23.8 0.390 . 0.127 7.66 7.07 2.81 r450' 23.5 0.378 0.129 7.84 7.15 3.25
500 23.2 0.366 0.132 8.03 7.25 3.74 i

r
550' 22.9 0.355 0.134 8.21 7.34 4.22 f
600: 22.6 0.343 0.137 8.35 7.42 4.68 ,

650 22.2 0.331 0.140 -8.51 7.52 5.23 I
700 21.9. 0.319 0.143 8.64 7.59 5.74

: 750 21.5 0.308 0.146 8.78 7.68 6.26 i

800: 21.2 -0.297 0.150 8.90 7.76 6.803
i 850- 20.8 0.286 0.153 9.04 7.85 7.30

,
i

900 20.5 0.274 0.157 9.13 7.89 7.86
~

950' 20.1 0.263 0.161 9.22 7.98 8.41
1000: 19.7 0.251 0.165 9.30 8.05 3.99

1050 19.3 0.239 0.171 9.35 8.13 9.56
1100 18.9 0.225 0.178 9.45 8.19 10.13

; 1150 18.5 0.211 0.186 9.51 S.27 10.72~

1200' 18.0 0.194 0.197 9.56 8.32 11.28
1250 17.5 0.178 0.209 9.59 8.36 11.83

i
1300 16.8 -0.158 0.225 9.62 8.37 12.35 '

1350' 15.6 0.133 0.249 -- 8.30 12.80** {
,.

1390 ---- 0.310 -- --- ----

1400 15.2 0.124 0.261 --- 8.14 13.00** i

1450 15.1 0.171 .0.188 --- 7.90 13.08** i

1500: 15.0 0.190 0.168 7.56 12.97'*
1550 15.1 0.205 0.156 7.11 12.62*+ i---

1600 15.1 0.217 0.148 6.94 12.74 ** [1650 --- ---- ----

1700 ~
6.92 13.13 e

7.04 13.76--- ----

**Ihese values are for measurements with increasing tecperature and may possibly be icwer for measurements with decreating i
tenverature. '
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i

'

1 1/4 N1 - 1 Cr - 1/2 Mo STEEL.
Instantaneous Mean

Coefficient of Coefficient of.
Thermat Themal Linear Thermal Linear Thermal Linear.

.(8tu-Ib-ISpecificHeap}Expagstop Egagslop) (10-2 in'ft-1)
Tem erature-
'

(F)- -(Btu hr f dugttvjty Dif{usivgy-Thermal
F- (10 F-2) (10, F-ft- F- ) (ft hr i

70; -21.3 0.403 0.108 6.20 0.00
100.- 21.7 0.402 0.110- 6.37 .6.27 0.23
150- 22.2 0.400 0.113 6.62- 6.41 0.62
200 22.6 0.3% - 0.117 6.85 6.54 1.02 i

250-- 22.9 0.391 0.120 7.05 6.65 1.44 |
i

300- 23.2 0 385- 0.122 7.25 E.78 1.87
350 23.3 0.378 0.125 7.43 6.88 2.31

. 400 '. 23.3' O.371 0.128 7.59 6.98 2.76,

450 23.2 0.362. 0.131 7.75 7.07 3.22 1
'
' '

500 -23.1 0.354 0.133 7.90 7.16 3.70 1

550 22.9 0.344 0.136' 8.04 7.24 4.17
;. 600- 22.7 0.334 0.139 8.16 7.32 4.66 i

650 22.4 0.323 0.143 8.28 7.41 5.16 I

700 22.2 0.312 0.146 8.39 7.47 5.65 |
750 21.9 0.300 0.149 8.49 7.55 6.16

'

> 800 21.6 0.289 0.152 .8.57 7.61 6.67 i
,

ik 850 21.2 0.277 0.156 8.65 7.68 7.19
* 900 20.9 0.266 0.160 8.72 7.74 7.71

950 20.6 0.254- 0.165 8.77 7.80 8.24 |

1000 20.2 0.241 0.171 8.82 7.85 8.76,

|
1050 19.8 0.229 0.177 8.86 ?.90 9.29

i 1100 19.4 0.214 0.185 8.91 7.95 9.83 i
F 1150 19.0 0.197 0.1% 8.93 7.99 10.36 |

1200 18.5 0.181 0.209 9.00 8.03 10.89
1250 18.1 0.164 0.226 9.04 8.08 11.44 ** I

',

i 1300 17.5 0.144 0.251 --- 8.07 11.91**
1350 .16.7 0.121 0.790 7.98 12.26**'

1370 - - - 0.108 0.310* ---- ----

1400 15.5 0.164 0.187 7.69 12.27**
1450 15.3 0.182 0.166 7.19 11.91**

.'
1500 15.4 0.197 0.155 --- 6.74 11.57**

* Extrapolated value.
**These values are for measurements with increasing temerature and may possibly be lower for measurenents with decreasing

temperature.
|,
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1 3/4 Ni - 3/4 Cr 1/4 Mo STEEL
Instantaneous Mean '

Coefficient of Coafficient of
Thereal Thermal Linear Theemal Linear The mal Linear

Expajsiog) Expa isieg , in ft-1;Socific HeeTemperature Thermal $cndugtiv|ty Dif(us*vjty (Sta ib F-I) (10 F- (10-b g- y (Io-c
( F) (Stu br-i ft- F- ) ,[f t' he- !t

70 20.5 0.391 0.108 6.20 ---- 0.00

100 20.7 0.338 0.110 6.37 6.27 0.23

150 21.0 0.382 0.113 6.62 6.41 0.62

200 21.3 0.376 0.117 6.85 6.54 1.03

250 21.4 0.370 0.120 7.05 6.65 1.44

300 21.5 0.363 0.122 7.25 6.78 1.87

350 21.6 0.356 0.125 7.43 6.83 2.31

400 21.5 0.349 0.128 7.59 6.98 2.76

450 21.5 0.341 0.131 7. 75 7.07 3.22

500 21.4 0.333 0.133 7.90 7.16 3.69

550 21.3 0.324 0.136 8.04 7.24 4.17

600 21.1 0.315 0.139 8.16 7.32 4.66

650 20.9 0.305 0.143 8.28 7.41 5.15

700 20.7 0.296 0.146 8.39 7.47 5.65

750 20.5 0.288 0.149 8.49 7.55 6.16

800 20.3 0.279 0.152 8.57 7.61 6.67

? 850 20.1 0.269 0.156 8.65 7.68 7.19

@ 900 19.8 0.259 0.160 8.72 7.74 7.71

950 19.5 0.249 0.165 S.77 7.80 8.23

1000 19.3 0.237 0.171 8.82 7.85 8.76

1050 19.0 0.225 0.177 8.86 7.90 9.29

I 1100 18.fi 0.212 0.185 8.91 7.95 9.82

1150 18.3 0.197 0.1% 8.95 7.99 10.36

1200 17.9 0.181 0.209 9.00 8.03 10.89

1250 17.3 0.162 0.226 9.04 8.08 11.44**

1300 16.7 0.141 0.251 8.07 11.92**---

---- ---- 0.310 ---- ---- ----

1340
1350 15.5 0.135 0.243 ---- 7.98 12.25**

1400 15.3 0.173 0.187 7.69 12.28**----

1450 15.2 0.193 0.166 7.19 11.90**---

1500 15.2 0.207 0.155 - -- 6.74 11.57**

1550 15.2 0.220 0.147 --- 6.69 11.68

1600 15.3 0.230 0.142 -- 6.72 12.34

1650 ---- --- ---- -- 6.78 12.86

**These values are for measurements with increasing terperature and may possibly be icwer for measurements with decreasing
terperature.

. . . .
--

-
-

, y



.
_ - _ _ _ - _ _ _ _ _ _ _ _ _ - - _ - - - _ _ _

.

2.N1 -'1.Cu STEEL
Instantaneous Mean

Coefficient of Coefficient of
Therical Thermal Linear Thermal Linear Themal Linear

Teg erature
Thermal fdugtivj)ty : Dif{usiv})ty:

t

(Stu Ib-1 Specific hea$)'ExpaosiegJ' ExpaJsiop) (10-2 in ft-I)(F) (Btu hr- ft- F
'

( f t hr- F-A (10-6 F- (10 F-
'

70 18.4 0.350 0.108 6.20 --- 0.00 -
100 '18.7 .0.348 0.110 6.37 6.27 0.23

| 150 19.1 0.345 0.113 6.62 6.41 0.62
.~200 :19.4 _ 0.341- 0.117 6.85 6.54 1.03_

250 19.7 'O.317 0.120' 7.05 6.65 1.44

. 300 19.8 0.333 0.122 7.25 6.78 1.87' '350 19.9 0.327 0.125 7.a3 6.88 2.31
~400 '20.0 0.321 0.128 -7.59. '6.98 2.76,

! 450 20.0 10.315 0.131. 7.75 '7.07 3.22
500 19.9 0.308 0.133 7.90 7.16 3.t>9

,

;
'

550 19.8 0.301' O.136 8.04 7.24 4.17 !
600 19.7 0.293 0.139 8.16 7.32 4.66 '

i 650- 19.6 0.284 0.143~ 8.28- 7.41 5.15 ,

| 700- .19.4 0.276 0.146 8.39- 7.47 5.65
; 750. -19.2 0.269' O.149 8.49 7.55 6.16

; 800L 19.1 ' - 0.260 0.152 8.57 7.61 6.67
1" 850 18.9 0.252 0.156 8.65 7.68 7.19t

8 900- 18.6 0.243 0.160 8.72 7.74 7.71 .'

'950 18.4 0.234 0.165 8.77 7.80 8.23
1000- 18.2 0.223 0.171 8.82 7.85 8.76 i

j 1050 17.9 0.212 0.177 8.86 7.90 9.29 ;
1100 17.7 0.200 0.185 8.91 7.95 9.82,

e
| 1150 17.3 0.186 0.1% 8.95 7.99 10.36 |

1200 16.9 0.170 0.209 9.00 8.03 10.89 I
| 1250 '16.5 0.154 0.226 9.04 8.08 11.44** '

1300 15.9 'O.134 0.251. ---- 8.07 11.92**
, 1340' --- ---- 0.310 --- ---- - - -

,

1350 15.1 0.131 0.243 7.98 12.25**- - -

4 1400 14.8 0.167 0.187 7.69 12.28**---

1450 '14.7 0.186 0.166 ---- 7.19 11.90**

1500 14.7 0.200 0.155 ---- 6.74 11.57** ;
1550 14.8 0.212 0.147 - - - 6.69 11.88 !

,

; 1600' 14.9 0.222 0.142 -----' 6.72 12.34 '

|. 1650 - - - --- - - - 6.78- 12.86 i

!
t

H These values are for measurements with increasing temeraturc and may possibly be lower fo measurements with decreasing !
! . temperature. i
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a

2 Ni - 3/4 Cr . 1/4 Mo STEEL
Instantaneous- Mean

20 efficient of Coefficient of .

"

t . . Themal Thermal Linear Thermal Linear TFermal Linear
' - Terperature Thermal {ondu-tivjty Spacific Nat . Exp agsiott Exp ansionDif'usiv{ty: (Stu Ib-1 F-1)- (10 4 F-1) (10-6 F-1) (10-c in ft-1)(F) (Btu br- ft-I F- ) (ft2 hr- )

,

70 : 19.5 0.377- 0.108 6.20 ---- 0.00
: 100 .19.9 0.374 0.110 6.37 6.27 0.23 ;
150- 20.4 0.367- 0.113 6.62 6.41 0.62

.200 20.8 0.360 0.117 6.85 6.54 - 1.02 ..

256 .21.1 0.354 0.120 -7.05 6.65 1.44

L '300 : '21.3 0.347' O.122 7.25 6.78 1.87 i
| 350 21.5 0.340 0.125 7.43 6.83 2.31
. 400 21.6 0.333 0.128 7.59 6.98 2.76'

'450 '21.6 0.326 0.131 7.75 7.07 3.22
500 21.6 0.319 0.133 7.90 7.16 3.70

550 21.5 ~0.312 0.136- 8.04 7.24 4.17
600 21.4 0.304 .0.139 8.16 7.32 4.66
650 21.2 0.2% .0.143 8.28' 7.41 5.16
700 21.0 0.288 0.146' 8.39 7.47 5.65 i
750 20.8- 0.279 0.149 8.49 7.55 6.16

'

800 20.6- 0.270 0.152 8.57 7.61 6.67
*

. ,

4, 850- 20.3 0.261 0.156 8.65 7.68 7.19'
*

900 20.0 0.252 0.160 8.72 7.74 7.71-

950 19.8 0.242 0.165 8.77 7.80 8.24
1000 19.4 0.232- 0.171 8.82 7.85 8.76

'

4' 1050 '19.1 0.221 0.177 8.86 7.90 9.29
1100 18.8 0.210 0.185 8.91 7.95 9.83 r
1150 18.4 0.197 0.1% 8.95 7.99 10.36 i

1
. 1200 18.0 0.184 "0.209 .9.00 8.03 10.89

|
'

1250 17.6 0.171 0.226 9.04 8.08 11.44 **
'

; ;

1300 16.8 0.15C 0.251 ---- 8.07 11.91** ;

1340 - - - 0.125 0.310* ---- - - - ---

'

.1350 15.5 0.139 0.243 --- 7.98 12.26** .

1400 15.0 0.178 0.187 ---- 7.69 12.27** I,

1450 14.9 0.195 0.166 - - - 7.19 11.91** I
; 1500 15.0- 0.203 0.155 6.74 11.57+* j---

'* Extrapolated value

**These. values are for measurements with increasing terrperatu e and reay possibly be lower for eneasurements with decreasing ftemperature. -
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I2 NI '3/6 Cr - 1/3 Mo STEEL
Instm2aneous Mean

Coefficient of Coefficient of
Thermal' Thermal Linear Thermal Linear Thermal Linear' Tenperature Thermal f dugtiv{ty. Off{usivjty Specific Hea+

(Btu'nr- ft- F_ ) - (ft br- ) (8tu lb- F,I) 6pagston bpa
(10 F-1) (10jsig-) (10-2 in-ft-1)j. (F) F

70- 19.3 0.377 0.108 6.20 0.00 '--

100. 19.7- 0.374 - 0.110 6.37 6.27 0.23150 20.2 0.367 0.113 6.62 6.41 0.62-200 20.6 0.360 -0.117 6.85 6.54 1.02; - .250 21.0 0.354- 0.120 7.05 6.65 1.44 . t
300 21.2 0.347 3.122 7.25 6.78- 1.87-i 350' 21.3- 0.340 0.125 7.43 6.83 2.31'

400 21.4 'O.333- 0.128 7.59 6.98 2.76450 21.4 0.326 0.131 7.75 7.07 3.22
. 500' 21.4 0.319 0.133 7.90 7.16 3.70

,

1

55D 21.3 0.312 0.136 8.04 7.24 '4.17060 21.2 0.304 0.139 8.16- 7.32 4.66
,

! 6%. 21.1 0.2% 0.143 8.28 7.41 5.16700 20.9 0.288 0.146 8.39 7.47 5.65750 20.7 0.2 79 0.149 8.49 7.55 6.16i.-

800 20.5 0.270 0.152 8.57 7.61 6.67
',

i a, 850 20.2 0.261 0.156 8.65 7.68 7.19900- 20.0 0.252 0.160 8.72 7.74 7.71
i ~

950 19.7 0.242 0.165 8.77 7.80 8.24 ;
i

1000 19.4 0.232 0.171 8.82 7.85 8.76
1050 19.0 0.221 0.177 8.86 7.90 9.291100 18.7 0.210 0.185 8.91 7.95 9.83

-

. 1150 18.3 0.197 0.1% 8.95 7.99 10.36! 1200 18.0 0.I84 0.209 9.00 8.03 10.89
'

1250 17.6 0.171 0.226 9.04 8.08 11.44** '

;

'1300 17.2 0.150 0.251 --- 8.07 11.91**1340 --- 0.125 0.310* ;
---- ----

1350 16.3 0.139 0.243 ---- 7.58 12.26**i 1400 15.0 0.1 78 0.187 - 7.69 12.27** '
1450 14.8 0.195 0.166 ---- 7.19 11.91** +1500 15.0 0.203 0.155 f.74 11.57**

,'* Extrapolated value.
|**These values are for measurements with increasing tecperature and may possibly be lower for measurements with decreasing

temperature. I
;
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3 1/2 151 STEEL!
Instantaneous Mean

Coefficient of Coefficient of
-Thermal- ^ Thermal Linear Themal Linear Themal Linear

Specific Heat. Expaasi - ' ' Expa. siDif'usivjty-
(Btu 1b-1 F-1) (104 F ) -{10 F ) (10-2 in ft-l).

Temperature
-(Stu he f du tiv tyThermal I r- )(ft(F) ft- F- ) h

70 22.9 ;0.436 0.108 -6.20 - - - 0.00
100 23.2 0.432 0.110 6.37 6.27 0.23

~

150 23.6 0.426 0.113 6.62. 6.41 0.62
200. 23.8 0.418 0.117 6.85 6.54 1.03
250 24.0 0.411 0.120 7.05 6.65 1.44

300 24.1 0.403 0.122 7.25. 6.78 1.87
350 24.0 0.394 0.125 7.43 6.88 2.31
400 23.9 0.384 0.128 7.59 6.9d 2.76
450 23.7 0.373 0.131 7.75 7.07 3.22
500. 23.4 0.363 0.133 7.90 7.16 3.69

550- 23.2 0.351 0.136 8.04 7.24 4.17
600 22.9 0.340 0.139. 3.16 7.32 4.66
650 22.6- 0.327 0.143 8.28 7.41 5.15-
700- 22.3 0.316 0.146 8.39- 7.47 5.65

'750. 21.9 0.306 0.149 8.49 7.55 6.16

800 21.6 0.295 0 s2 8.57 7.61 6.67
P 850 21.2 0.284 0.156 8.65 7.68 7.19
E 900 20.9 0.272 0.160 8.72 7.74 7.71

950 '20.5 0.260 0.165 8.77 7.80 8.23-

1000 .20.1 0.245 0.171 8.82 7.85 8.76

1050 19.7 0.232 0.177 8.86 7.90 9.29
1100 19.2 0.217 0.185 8.91 7.95 9.82-
1150- 18.7 0.201 0.1% 8.95 7.99 10.36
1200 18.2 0.183 0.209 9.00 8.03 10.89
1250 17.6 0.164 0.226 9.04 8.08 11.44**

1300 16.9 0.141 0.251 --. 8.07 11.92**
1340 - - - ---- 0.310 --.- --- - . -

1350- 15.8 0.137 0.243 - -- 7.98 12.25**
1400 15.5 0.174 0.187 7.69 12.28**---

1450- 15.4 0.194 0.166 --- 7.19 11.90**

1500 15.3 0.208 0.155 6.74 11.57**
1550 15.4 0.220 0.147 ---- 6.69 11.88

- 1600 15.5 0.230 0.142 6.72 12.34- - -

1650 ---- -- --- 6.78 12.86

**These values are for measurements with increasing temperature and may possibly be lower for ceasurements with decreasing
temperature.
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a-

3 1/2. Ni - 1. 3/4 Cr - 1/2 Mo-V STEEL
' ' '

Instantaneous Nan
Coefficient of - Coefficient of ' '

7hermai , Thermal Linear- 7hemal Linear Thermal Linear''

Temperature Thermalcndutiv{ty. Dif(usiv ty Spacific Hea Exp a Expa. si
ft- F- ) ~ (ft' nr- ) (stu Ib-l'F- ) ~(100sf .) (10- F ) (10-2 in ft-1)(8tubrIo

,

(F) F

!

70 21.9 'O.418 0.108.. '6.20 - - - 0.00
100 22.2 0.415 0.110 6.37 6.27 0.23

L. 150 22.7 'O.411 0.113 6.62 6.41 0.62<

1- 200. 23.0 0.406 0.117 6.85 6.54 1.03 .
'250i 23.3. 0.401' O.120 7.05 6.65 1.44

1. '300 23.4 0.394 0.122 7.25 6.78 1.87
'

350 23.4 0.386 0.125 ' 7.43 - 6.88 2.31.
400 23.3- 0.377 0.128 , .59 6.98 2.76

i .450 23.1 0.367 0.131' 7.75 7.07 3.22
3

500 22.9 'O.357 0.133 7.90 7.16 3.69
: ,

) 550 22.7 0.346 0.136 8.04 7.24 4.17
600 22.4 0.335 0.139- .8.16 7.32 '4.66 i

'

650 22.1 0.323 0.143. 8.28 7.41 5.15
700 21.8 0.312 0.146 8.39 7.47 5.65..

j 750 21.5 0.302 0.149 8.49' 7.55 6.16
,

i: 800- 21.2 0.291. 0.152- 8.57 7.61 6.67 I3..

2., 850 20.9 0.280 0.156 8.65 7.68 7.19 !
*

- . 900 20.5 0.269 0.160 8.72 7.74 7.71 i
! 950 20.1 0.257 0.165 8.77 7.80 8.23 I

I 1000 19.8- 0.243 0.171' 8.82 7.85 8.76
e

-| 1050 19.4 0.230 0.177 8.86 7.90 9.29
1100 18.9 0.215 'O.185 8.91 7.95 9.82 i

1 ~1150 18.4- 0.199 0.1% 8.95 -7.99 10.36 i
*

1200 17.9 0.182. 0.209 9.00 8.03 10.89 ;
; 1250 17.4 - 0.163 0.226 9.04 8.08 11.44 ** j

[ 1300 16.7 0.141 0.251- --- 8.07 11.92**
1340 --- -- 0.310 -- ---- ---

-.,

1350 15.7 0.137- 0.243 -- 7.98 12.25***
,

1400 15.3 0.174 0.187 7.69 12.28** !--

. 1450 15.2 0.194 0.166 --- 7.19 11.90** i
i !

150] 15.2 0.208 0.155 --- 6.74 11.57** !

1550 15.2 0.219 0.147 6.69 11.88 !
1600 15.3 0.229 0.142 --- 6.72 12.34 i5

i 1650 ---- -- -- 6.78 12.86

T*These values are for measurements with increasing tegerature and may possibly be Tower for measurements with decreasing !

temerature.
' '
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~

S'Ni .1/4 Mo STEEL .
: Instantaneous Mean
Coefficient of Coefficient of

.
. Themal Themal Linear Themal Linear Thermal Linear.;Tegerature . Thermal fdugtivgy Diffusiv{ty SpecificHea{)' EgjasionF-T) Upgsig) (10-2 in ft-1)(Btu lb-1 F- (10(F)

'

(8tu hr- ft- Fi (ftZ hr- ) (10 F-
>

'70 19.4 0.367 -0.108 6.20 0.00
100 19.7 0.366 0.110 6.34 6.27 0.23 t

-150 20.2- 0.364 0.114 6.55 6.41 0.62 i
200 20.7 0.361 0.117 6.74 6.50 1.01
250- 21.0 0.357 0.120 6.90 6.59 1.42

300 21.2~ 0.353 0.123 7.06 6.68 1.84 !
350 21.4 0.348 0.126 7.21 6.76 2.27

1 400 21.4 0.341 0.129 7.35 6.84 2.71
L 450- 21.4 0.334 0.131 7.50 6.92 3.15

500 21.3 0.326 0.134 7.63 6.99 3.61

550 21.2 0.318 0.137 7.76 7.06 4.07 !
600 21.1 0.310 0.140 7.89 7.14 4.54
650 20.9 0.301 0.144 8.00 7.21 5.01
700 20.8 0.292 0.147' 8.12 7.27 5.49

| '750 20.6 0.283 0.150 8.23 7.34 5.99
I-

3 800 20.4- 0.274 0.154 8.33 7.40 6.49*
850 20.1 G.265. - C.158 8.43 7.47 6.99|- ,

*|- 900 19.9 0.255 0.162 8.52 7.53 7.50
950 19.6- 0.243.. 0.167 8.61 7.59 8.01 |1000 19.2 0.231 0.173 8.69 7.64 8.53 [

1050 18.8 0.218 0.180 8.77 7.70 9.05
1100 18.4 0.203 0.190 8.84 7.75 9.58,

'

1150 18.0 0.187 0.201 8.91 7.81 10.12
1200 17.5 0.170 0.215 8.97 7.86 10.65**
1250 17.0- 0.152 0.235 7.81 11.06 **

|
.

>

1300 16.4 0.129 0.266 7.45 10.99**---

1320 0.308
1350 15.5 0.155 0.209 --- 6.85 10.52** i

| 1400 15.2 0.178 0.178 6.28 10.02**
j 1450 15.2 0.195 0.163 6.32. 10.46---

| 1500 15.2 0.208 0.153 6.38 10.%
- 1550 15.2 0.219 0.146 6.46 11.47--- >

1600 15.3 0.?28 0.141 -- --- |

**These values are for measurements with increasing temerature and may possibly be lower for measurements with decreasing |
|. temperature.
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8 Ni STEEL
'

Instantaneous ,Mean
Coefficient of' Coefficient of

Thermal .. ' Themal Linear Thermal Linear
.

.,

Th r al Lirear
Temperature Thermal {cnduqtiv{ty Dif{usivjty SpeciifqHea*I)- Expagsicg) Exosgsiog) (10-' in ft-1)

Gpansion,

(F) (Btu hr- ft-4 F- ) (ft br-2) (Stu lb- F (10- F- {l0- F- "

70 17.6 0.328 0.109 5.50 --- 0.00
100: 17.8 0.326 -0.111 5.70 5.63 0.20
150 18.1 0.322 0.115 6.00 5.80 0.56-,

200 18.5 0.319 0.118 6.25 5.94 0.93 !,

250.- 18.8 0.314" 0.122 6.45 6.06 1.31 -

t

300- 19.0 0.310 0.125 6.60 6.17 1.70
350 19.2 0.306 0.128 6.75 '6.28 2.11

; . 400- 19.4 - -0.302 0.131 6.90- 6.39 2.53
~

450' 19.5 0.297 0.134 7.04 6.47 2.95
500 19.6 0.292 0.137- 7.16 6.56 3.33 r-

i 550 19.6 0.286 0.140 7.27 6.63 3.82
600 -19.7 0.280 0.143' 7.37 6.70 4.26

.650 .19.6 0.273 0.147 7.45- 6.72 4.68
700' 19.6 0.267 0.150 7.52 6.78 5.13 i

750- -19.6 0.259 0.154 7.57 6.84 5.58
i.

800- 19.5 0.251 0.158 7.64 6.89 6.04Y 850 19.3 0.242 0.163 7.67 6.93 6.49 :I 900 19.2 0.232 0.168 7.71 6.97 6.94 !
950 18.9. 0.220 0.175 7.75 7.00 7.39 !

1000- 18.5 0.206 0.183 7.78 7.03 7.84 i

!'1050 18.1 0.192 0.193 7.81 7.05 8.29**
1100' 17.7 0.176 0.205 - - - 6.92 8.55**.. !

2

'1150. 17.2 0.158 0.222 -- 6.58 8.53** I
'

1200. 16.8 0.140 0.245 --- 6.13 8.31**
1250 : 16.3 0.108 0.307* -- 5.54 7.8a**

1

1300 15.9 0.169 0.191 --- 5.52 8.15**
1350t 15.5 0.186 0.170 - - . 5.62 8.63 ,

1400, -15.3 0.198 0.157- 5.73 9.14 ;---

1450' 15.2 0.208 0.149 5.83 9.654

; 1500 15.4 0.218 0.144 --- 5.93 10.18
;

* Extrapolated value.

| **These values aee for measurements with increasing temperature and may possibly be Tower for measurements with decreasing
temperature.
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.9 Mt STEEL-
Instantaneous Mer

,

Coefficient of Coefft- t of
. Thermal . Thermal Linear.. Thermal Linea- Thermal Linear-

Ex
Expasig-) (10gansionin ft-l)Expar-st og) .1 . Teccerature ' Thermal {cndujtiv{ty Dif{usiv{ty SpecificHeng)~ (10 j F(10-b F-'(' -(F) (Stu hr- ft- F, ) (ft' br- ) (Btu lb- F

~

0.0070 17.4 0.326 0.109 5.50 ----

.-100 17.8 0.325- 0.111 5.70 5.63 0.21
150 18.3 0.325 0.115 6.00 5.80 0.56
200 18.8 0.324 0.118 6.20 5.94 0.93
250 19.1 0.322 0.122 6.45. 6.06 1.31

300- 19.4 0.319 .0.125 6.60 6.17 1.71
350 19.6- 0.315 0.128 .6.75 6.28 2.11
400 * 9 .7 0.309 0.131 6.90 6.39- 2.52
450- 19.8 0.303 0.134 7.04' 6.47 2.94
500: 19.8 0.297- 0.137 7.16 6.56 3.37

550 19.8 0.291 0.140 7.27 6.63- 3.80
600 19.8 0.284 0.143 7.37 6.7G 4.?4
650. 19.8 0.277 -0.147 7.45 6.72 4.68
700' -19.7. 0.270 0.150 7.52 6.78 5.13
750 19.6 0.263 0.154 7.57 6.84 5.58 J

800 19.5 0.255 0.158 7.64 6.89 6.03
,

850 : 19.4 0.247 0.163 7.67 6.93 6.49
5' 900' '19.2. 0.237 0.168 7.71 6.97 6.94

950 18.9 0.225 0.175 7.75 7.00 7.39
1000- 18.6 0.212 0.183 7.78 7.03 7.84 )

1050 18.3 0.197 0.193 7.81 7.05 8.29** |
1100 17.9 0.181 0.205 6.92 8.56** |---

6.58 S.53** 'I1150 17.4 0.164 0.222 ---

1200 17.0 0.144 0.245 ---- 6.13 8.32** |

1250 16.4 0.111 0.307 5.54 7.85**

'1300 15.6 0.170 0.191 5.52 8.15 "----

5.62 8.631350 15.1 0.185 0.170 ----

1400 15.0 0.199 0.157 5.73 9.14
5.83 9.661450 15.1 0.211 0.149 ---

1500 15.2 0.221 0.144 - - - 5.93 10.18

1550 15.2 0.228 0.140 6.00 10.66
. 1600 15.3 0.233 0.138 - - - ---

**Inese values are for measurements with increasing temperature and may possibly be lower for measurements with decreasing
temperature.
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1.1/2 51 1/2 Mo STEEL -
Instantaneous Mean !

' '
Coefficient of Ceefficient of |

Themal Thermal Linear Themal Linear Thereal Lineae I

Temperature- Thermal {c.ndujtiv{ty '(ft{usiv{tyDif
SpecificHaag1- Ecagsicg) Espagsieg) (10 gan-lonit ft-1)

br

(8tu Tb-1 F (10- F- (10- F-(F) (Btu br- ft- F } br '_. - .

70 17.5 0.340 0.106 4.86 - .0.00
100 17.8 0.337 0.108 5.26 4.31 0.16
150 18.1 0.332 0.112 5.80 4.77 0.47 4

200 -18.3 0.327 0.116 6.24 5.22 0.82 . !
250 18.6 0.322 0.119 6.61 5.60 1.21-

300 18.7 0.317 0.122 :6.93 5.92 1.66 i

'350 18.9 0.312 0.125 7.27 6.18 2.08
.400 19.0 0.307 0.128 7.55 6.38 2.54

450 19.0 0.302 0.131 7.80 6.56 3.01
50C 19.1 -0.297 0.133 8.03 6.71 3.47

550 19.1 .0.291 0.136 8.23 6.85 3.95 I
600 19.0 0.286 0.138 8.40 6.93 4.44 !

650 19.0 0.280 0.141 8.55 7.10 4.93
'700 18.9 0.272 0.145 8.68 7.20 5.44
750 18.7 0.263 0.149 8.78 7.32 5.99

800 18.6 0.255 0.152 8.85 7.42 6.52? 850 18.4 0.248 0.156 8.90 7.52 7.05$ 900 18.3 0.240 0.160 8.93 7.61 7.58
950 18.1 0.232 0.164 8.95 7.70 B.12

1000 17.9 0.224 0.169 8.97 7.77 8.68

1050 17.7 0.215 0.174 7.85 9.23-

1100 17.5 0.205 0.180 7.91 9.77-

1150 17.2 0.194 0.188 7.% 10.32
1200 17.0 0.183 0.195 8.01 10.86
1250 16.5 'O.170 0.205 8.05 11.40 (10.63)**
1300' .15.9 0.156 0.216 8.04 11.90 ( 9.82)
1350 14.9 0.134 0.236 8.03 12.38 ( 9.70)
14no 14.7 0.074 0.420* - 6.75 10.80 (10.32)
14E', 14.5 0.127 0.244 6.60 10.94
1500 14.5 'O.167 0.184 6.75 11.62-

1550 .14.6 0.185 0.168 6.92 12.31
1600 14.7 0.188 0.167 7.08 13.02
1650 7.26 13.76

' Extrapolated values.*

** Values in parentheses are for cooling measurements.

w - -, - _- __ _ _ _ _ _ _ _ - _ _ _ - _ _ _ - - _ - _ - _ - _ _ _ _ _ _ _ _ _ _ - - _ - - _ _ _ - = _ _ _ . _ _ - _ _ _ _ _ _ _ .
.
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12 Cr (40355).. STEEL Instantaneous Mean

Coefficient of . Coefficient of
Thermal Thermal Linear Themal ~ Linear Themal Linear

(10 qansion' in ft-1)
bExpapsiott

SpecificHeag) ' ExpdarsicoF-1) (IOS F-1)Temperature' Thermal {ondu-tiv{ty Diffusiv{ty (Btulb-IE- (10(F) (Btu hr- ft I F- ) (ft2 hr- )

70 15.8 'O.293 0.108 5.92 0.00-

100 15.9 0.289 0.109 6.03 5.98 'O.22

150 16.P 'O.284 0.112 6.18 6.08 0.58

200 16.1' .0.278- 0.114 6.30 6.15 0.96

253 16.2- 0.272 0.117 6.41 6.23 .1.35

300 16.2 0.267 0.119 6.50 6.30 1.74

350 16.3 0.262 0.122 6.59 6.35 2.13

400 16.3 0.257 0.125. 6,66 6.e0 2.53

450 16.3 0.253 0.128 6.72 6.44 2.94

500 16.4 0.248 0.131 6.77 6.48 3.34 .

!

' 550 16.4 0.244 0.134 6.83 6.51 3.75

'600 16.4 0.239- 0.137 6.88 6.53 4.15

'650 16.4 0.235 0.140 6.94 6.57 4.57-

700 16.4 0.230 0.144 6.99 6.GO 4.99

750 16.4 0.225 0.148 7.05 6.64 5.42

800 16.3 0.220 0.152 7.11 6.67 5.84

P 850- 16.3 0.215 0.156 7.16 6.70 6.27

8 900 16.2 0.210 0.161 7.20 6.72 6.70

950 16.2 0.204 0.166 7.25 6.75 7.13

1000 16.1 0.198 0.171 - 7.29 6.78 7.56

1050 16.0 0.191 0.177 7.32 6.81 8.00

1100 15.9 0.183 0.184 7.35 6.83 8.44

1150 15.8 'O.175 0.193 7.38 6.86 8.86

1200 15.6 0.166 0.205 7.42 6.88 9.33

1250 15.5 0.155 0.222 7.46 6.90 9.78

1300 15.4 0.141 0.245 7.50 6.93 10.22

1340 - - - 0.126 0.289* --- ---- ----

1350 15.3 0.130 ---- 7.53 6.95 10.67

0.211 -
------

1375 ----

1400" 15.3 0.147 0.195 7.56 6.97 11.13

0.181 - - - ---- ---

'
1425 ---

'450 15.3 0.163 0.179 7.60 6.99 11.58----

0.178 - - - --- ----

1475 ----

1500 15.4 0.176 0.179 7.63 7.02 12.04---

* Extrapolated value.
'

~
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12 Cr - l'Al (40555) STEEL
Instantaneous Mean

Coefficient of Coefficient of -

Themal
.

Themal Linear Thermal Linear Themal Linear
Tegerature Themal ty Dif{usiv{ty

'

_(Btubrpnduti ScecificHeag) Expagsig- ) Expagslog)
Expansion

(Stu lb-1 F- (10- F (10- F- (10-4 in ft-1)(F) ft- F ) (ft br- )

i 70 14.2 0.274 0.108 5.92 --- 0.00
' 100- 14.2 0.271 0.109 6.03 '5.98 0.22

150' 14.3 0.266 0.112 6.18 6.08 0.58,

200 14.3 'O.261 0.114 6.30 6.15 0.%
~

-
,

250 14.4' O.256 0.117 6.41 6.23 1.35

300 14.4 0.251 0.119 6.50 6.30 1.74
350 14.4 0.246 0.122 6.59 6.35 2.13
400 14.5 0.241 0.125 6.66 6.40 2.53

~450 14.5 0.236 0.128 6.72 6 .14 2.94
,

500 14.5 .0.231 0.131 6.77 6.48 3.34

; 550 14.6 0.226 0.134 6.83 6.51 3.75
- 600 14.6 0.221 0.137 6.88 6.53 4.15

650 14.6 0.216 0.140 6.94 6.57 4.57
700 14.6 "0.211 0.144 6.99 6.60 4.99
750 '14.6 0.206 0.148 7.05 6.64 5.42

> 800 14.7 0.201 0.152 7.11 6.67 5.84
& 850 14.7 0.1% 0.156 7.16 6.70 6.27i
"'"

900 14.7 0.191 0.161 7.20 6.72 6.70
950 14.7 0.185. 0.166 7.25 6.75 7.13

1000 14.7. 0.179- 0.171 7.29 6.78 7.56 .

1050 14.7 0.173 0.177. 7.32 6.81 8.00
1100 - 14.7 0.167 0.184 7.35 6.83 8.44 i,

1150 14.8 0.159 0.193 7.38 6.S6 8.86
1200 14.8 0.150 0.205 7.42 6.88 9.33
1250 14.8 0.138 0.222 7.46 6.90 9.78 -

1300 14.8 0.125 0.245 7.50 6.93 10.22 !

1350 14.8 0.1% 0.289* 7.53 6.95 10.67
1375 0.211 ---- |- - -

1400 14.8 0.158 0.195 7.56 6.97 11.13 i
1425 - - - -- 0.181 ---- ----

1450 14.8 0.172 0.179 7.60 6.99 11.58
1475 --- 0.178 -- ---- >

1500 14.9 0.173 0.179 7.63 7.02 12.04

* Extrapolated value.

i
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13 Ce_(41055) STEEL
Instantaneous Mean

Coefficient of Coefficient of
Thermat Themal Linear Thermal Linear Thermal Linear

Thermal pft gtiv{ty Dif{usiv{ty SpecificHeg) Expgston1)
ExTemperature

Expagslog) (10jansionin ft-1)
du

(Stu hr- F )__ (ft hr- ) (Btu lb- F (10 F(F) (10 F,

70 15.2 0.287 0.108 5.92 --- 0.00
100 15.3 0.283 0.109 G.03 5.98 0.22
150 15.4 0.277 0.112 6.18 6.08 0.58
200 15.5 0.272 0.114 6.30 6.15 0.%
250- 15.6 0.267 0.117 6.41 6.23 1.35

300 15.6 0.262 0.119 6.50 6.30 1.74
350 15.7 0.257 0.122 6.59 6.35 2.13
400 ' 15.8 . 0.253 0.125 6.66 6.40 2.53
450 15.8 0.249 0.128 6.72 6.44 2.94
500- 15.8 0.245 0.131 6.77 6.48 3.34

550 15.8 0.241 0.134 6.83 6.51 3.75
600 15.9 0.237 0.137 6.88 6.53 4.15
650 -15.9 0.233 0.140 6.94 6.57 4.57
700. 15.9 0.228 0.144 6.99 6.60 4.99
750 15.9 0.223 0.148 7.05 6.64 5.42

800 15.9 0.218 0.152 7.11 6.67 5.84
? 850 15.9 0.213 0.156 7.16 6.70 6.27
C 900 15.9 0.207 0.161 7.20 6.72 6.70

950 15.8 0.201 0.166 7.25 6.75 7.13
1000' 15.8 0.194 0.171 7.29 6.78 7.56

1050 15.7 0.187 0.177 7.32 6.81 8.00
1100 15.6 0.179 0.184 7.35 6.83 8.44
1150 15.4 0.171 0.193 7.38 6.86 8.86
1200 15.3 0.160 0.205 7.42 6.88 9.33
1250 15.2 0.148 0.222 7.46 6.90 9.78

1300 15.1 0.133 0.250 7.50 6.93 10.22
1320 0.125 0.289* --- ---

1350 15.0 0.134 7.53 6.95 10.67
1375 --- 0.201 ----

1400 15.0 0.150 0.180 7.56 6.97 11.13

- 1425. --- - - - 0.181 --- ---

1450 15.0 0.165 0.179 7.60 6.99 11.58
0.178 --- ---1475 --- --

1500 15.1 0.178 0.179 7.63 7.02 12.04

* Extrapolated value.

;
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.13 Cr - 4 Ni (CA6hM) STEEL -

Instantaneous Mean
Coefficient of Coefficient of

. Thermal
. -Thermal Linear Thermal Linear Themal Linear .U

.

duTemperature .Thermalpftgtiv{ty ..Dif{usiv{ty ' Specific,Hea{) Expajstog) Expagstog) (10jinft-1)Ex ansion
(F) (8tu hr- F- ) ;(ft br- ) (Btu lb-a F (10 F (10- F-,

_

!-

70' i14.3 0'.279 0.108 5.92 0.00100' 14.4 0.277 0.109' 6.03 5.98 0.22
'

150' 14.5 0.273 0.112 -6.18 6.08 0.58-,

200 14.6
| 250 14.7

~ -0.269 0.114 6.30 6.15- 0.%
0.264 0.117 6.41 6.23 1.35

!

300. '14.8 0.260 0.119 6.50 6.30 1.74
'

350' 14.8 0.255z 0.122 6.59 6.35 2.13
400 14.9 0.250 - 0.125 6.66 6.40 2.53
450 15.0 0.245 0.128 6.72- 6.44 2.94
500' 15.0 0.240 0.131 6.77 6.48 3.34

550 15.0 0.236 0.134 6.83 6.51 3.75;

600 15.1 0.231 0.137 -6.88 6.53 4.15
650 15.1 0.226 0.140 6.94 6.57 4.57
700 15.1 0.220 0.144 6.99 6.60 4.99
750 15.1 0.214 0.148 7.05 6.64 5.42

800 15.1 'O.209- 0.152 /.11 6.67 5.84? -850- 15.1 0.203 0.156 7.16 6.70 6.270 900 15.1 0.197 0.161 7.20 6.72 6.70
950 15.1 0.191 0.166 7.25- 6.75 7.13

'

1000 15.1 0.185 0.171 7.29 6.78 7.56
'

! 1050 15.0- 0.178 0.177 7.32 6.81 8.00
F. 1100 15.0 0.171 0.184 7.35 6.83 S.44: 1150 15.0 0.160- 0.197 7.33 6.86 8.86

1200 14.9 0.145 0.216 7.42 6.88 9.33
1250 14.9 0.126 0.247 7.46 6.90 9.78

1270 0.116 0.268* -- ---- ----,

1300 14.8 0.129 0.242 7.50 6.93 10.22
; 1350 14.8 0.148 - 0.210 7.53 6.95 10.67
$ 1400 14.8 0.164 0.190 7.56 6.97 11.13

1450 14.9 0.175. 0.179 7.60 6.99 11.58,

~

1500 15.0 0.176 0.179 7.63 7.02 12.04
[

trapo'.ated value.

i

'

.

i

L.___.____ _m - u-,- e .- r - - - w y e , yv -- -,, y _ y



8 .
.

- _ _ _ _

15 Cr (42955) STEEL
Instantaneous Fean

Coefficient of Coefficient of
Thermal Thermal Linear Themal Linear Themal Linear

Expansi Expa sico ExpansimTemperature Thermal {ondu tiv{ty Dif(usivty Specific,Hea*I) (10-6 F ) (10- F I) (10-' in ft-1)(F) (Btu br- ft- F- ) (f t*- hr- ) (Etu lb-' F-
0.0070 14.2 0.275 0.1tr3 5.33 ----

100 14.2 0.272 0.110 5.41 5.37 0.19
150 14.3 0.268 0.113 5.54 5.45 0.52
200 14.4 0.263 0.116 5.66 5.52 0.86

~

250 14.5 0.259 0.118 5.77 5.59 1.21

300 14.5 0.254 0.121 5.85 5.65 1.56
350 14.6 0.250 0.123 5.99 5.70 1.92
400 14.6 0.246 0.126 6.09 5.75 2.28
450 14.7 0.242 0.129 6.19 5.80 2.65
500 14.7 0.238 0.132 6.28 5.85 3.02

550 14.7 0.234 0.136 6.37 5.90 3.40

1 600 14.7 'O.230 0.139 6.46 5.95 3.78

| 650 14.7 0.226 0.142 6.54 6.00 4.18

| 700 14.8 0.222 0.146 6.62 6.05 4.57

| 750 14.8 0.217 0.150 6.70 6.09 4.97

? 800 14.8 0.212 0.154 6.77 6.13 5.31
$ 850 14.9 0.207 0.159 6.84 6.18 5.73

900 14.8 0.201 0.164 6.91 6.22 6.19
950 14.8 0 195 0.170 6.96 6.26 6.61

1000 14.8 0.188 0.179 7.02 6.30 7.03

1050 14.8 0.180 0.187 7.07 6.34 7.45
1100 14.8 0.172 0.200 7.12 6.37 7.88 j

1150 14.8 0.163 0.214 7.16 6.41 8.31
'

1200 14.8 0.151 0.230 7.21 6.44 e 74
1250 14.8 0.136 0.249 7.24 6.48 9.17

1290 ---- 0.114 0.268* ---- ---- |

'

1300 14.8 0.128 0.244 7.27 6.51 9.61
1350 14.8 0.146 0.207 7.30 6.54 19.04
1400 14.8 0.160 0.189 7.33 6.57 10.48
1450 14.8 0.171 0.180 7.34 6.60 10.92

1500 14.8 0.180 0.176 7.36 6.62 11.36

* Extrapolated value.

-
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16 Cr - 12 Mi V 2 Mo end 16 Cr - 12'N1 - 2 Mo - N
-

(AISI 316, CAST 316,1316L, 316H, and 316N) STAINLESS STEELS
Instantaneous Mean

Coefficient of Coefficient of
Thermal Themal Linear Themal Linear Themal linear,

'

Ex2ansionTenperature Thermal fdugtiv{ty Dif{usiv{ty SpecificHeag) Egagstog)- Ecagsfog) (10 " in ft-1)(F) (8tu hr- ft- F ) (ft hr- ) (8tu lb- F- (10- F (10 F

70 7.7- 0.134 - 0.111 8.42 - 0.00

100 7.9 0.136 0.113 8.59 8.54 0.30

150 8.2 0.138 0.115- 8.84 8.64 0.78

200 8.4 0.141 0.118 9.09 8.76 1.32

250 8.7 0.143 0.120 9.33 8.88 1.92

300 9.0 0.145 0.122 :9.56 8.97 2.50

350 9.2 0.148 0.123 9.76 9.11 3.08

!. 400 9.5 0.151 0.125 9.95 9.21 3.64

450 9.8 0.153 0.127 10.10 9.32 4.25

500 10.0 0.156 0.128 10.25 9.42 4.86

| '550 10.3 0.159 0.129 10.38 9.50 5.47

600 10.5 0.162 0.131~ 10.51 9.60 6.11

650 10.7 0.164 0.132 10.64 9.69 6.72

700 11.0 0.167 0.133 10.76 9.76 7.39

750 11.2 0.170 0.134 10.87 9.81 8.02

P MO 11.5 0.173 0.135 10.93 9.90 8.66

S 850 11.7 0.176 0.135 11.09 9.95 9.29 I'
900 12.0 0.178 0.136 11.20 10.02 9.97

950 12.2 0.181 0.137 11.31 10.09 10.66

1000 12.4 0.184 0.138 11.40 10.16 11.35
|

1050 12.7 0.186 0.139 11.49 10.22 12.04

1100 12.9 0.189 0.140 11.58 10.29 12.72

1150 13.1 0.191 0.140 11.65 10.35 13.40

1200 13.3 0.194 0.141 11.72 10.40 14.11

1250 13.6 0.1% 0.142 11.78 10.47 14.81

1300 13.8 0.199 0.143 11.82 10.52 15.53

1350 14.0 0.201 0.144 11.86 10.58 16.25

1400 14.2 0.203 0.145 11.90 10.62 16.%

1450 14.4 0.206 0.146 11.94 10.67 17.69

. 1500 14.6 0.208 0.147 11.97 10.71 18.40

1550 14.8 0.210 0.149 12.00 10.74 19.09

1600 15.0 0.212 0.150 12.03 10.78 19.79

i . _. . , . .
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~17'Cr.(43055) STEEL.-

Instantaneous .Mean
'

Coefficient of -Coefficient of
Thermal

. ' Thema1 Themal Linear Thersai Linear Themal Linear~ Temperature
(F) .(8tuhr-{ondugtigty- Dif{usiv{ty 1SpecificHeag) Expagston Exca7sig') Expansion

ft- F ) (ft br- ) { Btu lb- F (10- F 1) (10** F (10-4 in ft-Il
e

.
.. , ;

'70 12.6- 0.261 0.109 5.33 - - - 0.00 ti 100L 12.7- 0.258 0.110' 5.41 5.37 0.19 ' I150- 12.8 0.254 0.113 5.54 5.45 0.52200 12.8 0.251 0.116 5.66 5.52 0.86 . i250- 12.9 0.247 0.118 5.77 5.59 1.21 '

300' 13.0' O.243' O.121- .5.88 5.65 1.60 ;i =350- 13.0 0.240 0.123 5.99 5.70 1.92"

400 13.1 0.237 0.126 6.09 5.75 2.28450 13.1 0.233 0.129 6.19 5.80 2.65 ;
,

500 13.2 0.229 0.132 6.28 5.85 3.02
i

550.. 13.2 'O.226' O.135' 6.37
'

' .90 3.405
600 13.3 0.222 0.138 6.46 5.95 3.78 :650i 13.3 0.218' O.142 6.54 6.00 4.18700 '13.4 0.214 0.146 6.62 6.05 4.57 !750 13.4 0.209 0.150 6.70

^

6.09 4.97

?- -800 13.5, 0.203 0.154 6.77 6.13 5.31g; 850 13.5 0.198 0.159 6.84 6.18 5.78900 13.6 0.192 0.164 6.91 6.22 6.19950 13.6 0.186 0.170 6.% 6.26 6.61 |1000 13.7' O.179 0.178 7.02 6.30 7.03 |

1050 13.7 0.171 0.187 7.07 6.34 7.45'

1100 13.8. 'O.163 0.200 7.12- 6.37 7.881150 13.8 0.153 0.216 7.16 6.41 8.31 . '
,

1200 13.9 0.139 0.235 7.21 6.44 8.74 .1250 14.0 0.120 0.260* 7.24 6.48 9.17
1300 14.1 0.134 0.229 7.27 6.51 9.611350 14.2 0.146 0.206 7.30 6.54 10.04 i1400 14.3 0.157 0.190 7.33 6.57 10.48 |1450 14.4 0.166 0.180 7.34 6.60 10.921500 14.5 0.174 0.176 7.36 6.62 11.36 ;

!
* Extrapolated value. -

'
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~~17 Cr '4 Ni '4 Cu (17 4PH) STEEL'
. Instantaneous' Mean
Coefficient of Coefficient of,

Themal
.

Themal Linear Thermal Linear Thermal linear
Tegerature Thermal (ondugtiv{ty Dif{usiv{ty SpecificHeag)' Expagsig)' Expgstog) Ex3ansion(8tu lb-1 F, (10- F (10 F (10 in ft-Il-(F) (8tu hr ' ft- F- ) (ft hr- )

70 9.9 0.188 0.109 5.89 0.00--

100 10.1 0.189 - 0.110 5.89 5.89 0.21
150 10.4' O.189 'O.113 5.89 5.89 0.56
200 10.6 0.189 0.116 5.90 5.90 0.92
250" 10.9 0.190 0.118 5.90 5.90 1.27

300 11.2 0.190 0.121 5.90 5.90 1.63
350 '11.4 0.191 0.123 G.91 5.91 1.99
400 11.7 0.191 0.126 5.91 5.91 2.34
450 12.0 'O.191 0.129 5.91 5.91 2.70
500- 12.2 0.190 0.132 5.91 5.91 3.05

550 12.5- 0.190 0.135 5.93 5.93 3.42
600 12.7 0.190 0.138 5.% - 5.93 3.77
650 13.0 0.188 0.142 5.99 5.93 4.13
700 13.2 0.1% 0.146 6.03 5.94 4.49
'750 13.4 0.183 0.150 6.08 5.95 4.86

800 13.5 0.180 0.154 6.14 5.% 5.22? 850 13.6 0.176 0.159 6.21 5.97 5.59 -O 900 13.7 0.172 0.164 6.29 5.99 5.97
950' 13.8 0.167 0.170 6.37 6.01 6.35

1000 13.8- 0.160 0.178 6.47 6.03 6.73

1050 13.9 0.153 0.187 6.57 6.06 7.12
1100 14.0 0.146 0.197 6.68 6.08 7.52
1150 .14.1 0.134 0.216 6.80 6.11 7.92
1200 14.2 0.129 0.227 6.93 6.15 8.34
1225 ---- 0.123 0.240* --- --- ---

1250' 14.4. 0.140 - 0.225 7.06 6.18 8.76
1300 14.6. 0.152 0.198 7.21 6.22 9.18
1350 14.8 0.171 0.178 7.36 6.26 9.62
1400 15.0 0.185 0.167 7.52 6.31 10.07

_ 1450 15.2 0.194 0.161 7.69 6.35 10.52

1500 15.4 0.201 0.158 7.87 6.40 10.99

* Extrapolated value.

- ~ -- . . . . - - ~ _ . -. . . . -- ____._. .
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18 Cr -'5 N1" .3 Mo STEEL '

Instanttneous Fern
Coefficient of ~ & d ficient of

TMmal Thermal Linear Themal Linear . Thermal Linear.-
.

Temperature
Thermal pndu{tiv{1 - Dif{usiv{ty. 'SpecificHeg). Expagsig) - Expagsig) (10gansionin ft-1)

ty Ex
(F) (Btu hr- ft- F

,_ (ft br- ) fBtu lb- F (10 F (10- F
70 8.4 _ 0.158 - 0.109' 7.94 0.00-_

.10C :8.5. 0.159 0.110 8.06 8.03 0.29'
150 8.8 0.159 0.113 8.26 8.17 0.76
200 9.0 0.159- 0.116 8.43 8.25 1.29

. 250 : 9.2 0.159 - 0.118 ' 8.61 8.35 1.80 -

300- 9.4 0.159 0.121 8.78 8.45 2.33'
i 350: 9.6 0.159 0.123 8.94 8.54 2.87
! -400 9.8 0.159: 0.126 9.09 8.61 3.41'l 450 10.0 0.158 0.129 9.24 .8.69 3.96

500 10.2 0.158 0.132 9.38' 8.76- 4.52 '

; 550 10.4 0.157 0.135 9.57 8.83 5.09; 600 10.3 0.157 0.138 9.64 8.90 5.66
| 650 ~10.8 0.155 0.142 9.76~ P "7 6.24l 700 11.0 0.154 0.146 9.87 * 6.83
| 750 11.1 0.152 0.150 9.98 .ns 7.43
l
'

800 11.3 0.150 0.154 10.38 16 8.03>
|n 850 11.5 0.148 0.159 10.17 9.22 8.64* 900 11.7 0.146 0.164 10.25 ' 9.29 .9.25

950 11,9 0.143 0.170 10.33 9.34 9.37''1000 12.1 0.139 0.178 10.40 9.40 10.49

1050 '12.3 0.135 0.187 10.46 e.45 11.111100 12.5 0.130 0.197 10.52 9.50 11.741150 12.6 0.120 0.216' 10.57 9.55 12.38
[ '1200 12.8 0.116 0.227 10.61 9.60 13.01'

1225 ---- 0.111 0.240* ---- ---- ----

; 1250 '13.0 -0.127 0.225 10.65 ' 9.64 13.65'
1300 13.2 0.137 0.198 10.68 9.68 14.27
1350 13.4 0.155 0.178 -10.70 9,72 14.931400 13.7 0.168 0.167 10.71 5.76 15.781450 13.9 0.177 0.161 10.72 is.79 16.22

1

1500 14.1 0.182 0.158 10.72 9.82 16.86 .

* Extrapolated value.
,

.g "

:
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18 Cr'- 8 N1 (AISI 302) STAINLESS STEEL Instantaneous Mean
Coefficient of Coefficient of

Themal Themal Linear Themal Linear Themal 8 inear

SpecificHeag)^ Expagslog) Expagsiog)- '(10gansionin ft-1)
Ex

'(Blu hr pft gtiv{ty Dif{usiv{ty-Thermal duTemperature
(Btu lb-1 F (10- F (10 F -F' ) (ft br- )(F)

70 8.7 'O.151 0.114 7.93 0.00
100 8.9 0.152 0.116 8.16 8.03 0.28
150 9.1 0.154 0.118 ' 8.50 . 8.20 0.78
200 9.4 0.156 0,120 8.83 8.37 -1.31
250 9.7 0.158 0.122 9.13 8.54- 1.81

300 10.0 0.160 0.124 9.40 8.70 2.44
350 10.2 0.162 0.126 9.63 8.85 2.98 !

400 10.5 0.165 0.127 9.83 8.97 3.55 l

450 10.7 0.167 0.129 9.99 9.11 4.14 i

500 11.0 0.170 'O.130 10.14 9.23 4.76 j

550 11.2 .0.172 0.131 10 27 9.33 5.39
-600 11 . 5 J.174 0.133 10.40 9.42 6.00
650 11.7 0.177 0.134 10.51 9.50 6.60
700 11.9 0.179 0.135 10.63 9.57 7.24

750 12.1 0.181 0.136 10.74 9.63 7.85

800 12.4 0.184 0.136 10.84 9.71 8.51
? ESO 12.6- 0.186 0.137 10.94 9.79 9.16
8 900 12.8 0.189 0.138 31.05 9.87 9.82

950 13.0 0.191 0.139 11.15 9.94 10.51

1000 13.3 0.194 0.140 11.25 10.01 11.18

1050 13.5 0.196 0.140 11.33 10.07 11.87

1100 13.7 0.198 0.141 11.42 10.14 12.55

1150 13.9 0.201 0.142 11.50 10.20 13.27

1200 14.1 0.203 0.143 11.58 10.26 13.93

1250 14.3 0.205 0.143 11.63 10.31 14.60

1300 14.5 0.208 0.144 11.67 10.37 15.29
'1350 14.7 0.210 0.145 11.71 10.42 .15.98
1400 14.9 0.212 0.146 11.74 10.47 16.70

1450 15.1 0.214 0.147 11.77 10.52 17.42

.
1500 15.3 0.216 0.149 11.80 10.56 18.12

1550 15.5 0.218 0.150 11.82 10.61 18.84

1600 15.7' O.220 0.151 11.83 10.65 19.56

!

--

.
. . . . . .
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18 Cr :- 8 Nii and 18 Cr - 8 Ni - M. ( AISI 303,r303 Se, 304. 304L,- 304H,' and 304N)
.,

STAINLESS STEELS-

Instantaneous' Pean
Coefficient of Coefficient of

' Thereal
Thermal Condu

, Thermal (* Mr Thermal Linear- Thermal LinearTemperature:
(F) .(Stuhr-1ftgt ty Dif{usivjty Specific Hea+ . Dn :

_

.(10gsog)~ (10gansivnin ft-l.1 -
Expa i E

) (ft br- ) ' .(Stu lb- I). . F- -

-70 8.6 0.151 0.114
'

0.00 -100 8.7 0.152 0.116' 8.03.. 0.28
-----

150' 9.0 0.154 0.118 8.20- 0.78 - ..'200 9.3 0.156 0.120 : 8.37 1.31
''

250 9.6 0.158- ~0.122 8.54- 1.81
300 9.8 0.160 .0.124 8.70 2.44'350 10.1 0.162 % 126 9.63 8.85 2.98400 10.4 0.165 0.127 9.d3 8.97~ 3.55450 ~10.6 0.167 0.129 9.99 9.11- 4.14500- 10.9 0.170. 0.130 10.14 9.23 4.76
550 11.1 0.172 0.131 10.27- 9.33- 5.39600 11.3 ~0.174 0.133- 10.40 - .9.42 6.00650 11.6 0.177 0.134 1C.51 9.50 6.60700 '11.8 0.179 0.135 10.63 9.57 7.24750 12.0 0.181' o.136- 10.74 9.63 7.85
800 12.2 0.184 0.136 -10.84 9.71 8.51 i'850 12.5 0.18G 0.137 10.94' 9.79 9.16900- 12.7 0.169 0.138 11.05 9.87 9.82950 12.9 0.191 0.139 11.15 9.94 10.511000 13.2 .0.194 0.140 11.25 10.01 11.18

.I1050 13.4 0.1% 0.140 11.33 10.07 11.87-1100 13.6 0.198 0.141 11.42 ?).14 12.551150 13.8 0.201 0.142 11.50 10.20 13.221200 14.0 0.203 .0.143 .11.58 10.26 13.931250 14.3 0.205 0.143 11.63 10.31 14.60
1300 14.5 0.208 0.144 11.67 10.37 15.29

;

1350 14.7 0.210 0.145 11.71 10.42 15.981400 14.9 0.212 0.146 11.74- 10.47 16.701450 15.1 0.214 0.147 11.77 10.52 17.421500 15.3 0.216 0.149 11.80 10.56 18.12
1550 15.5 0.218 0.150 11.82 10.61 18.841600 15.7 0.220 0.151 11.83 10.65- 19.56

f

I

s
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'18 Cr - 10 Ni-Cb.(RISI'347.; CAST .357, 347H, 348 and 348H) STAINLESS STEELS -
. Instantaneous .. Mean :'
Coefficient of Coefficient of

Thermal
. Thermal Linear - Themal Linear Themal Linear1 Tenpera ture . Thermal pndugtigty-' Dif{usivjty SpecificHeap) (10gsiog) (10jsfog) (10 p ansionin ft-1)

Expa Expa E(F) -(Btu hr- ft- F ) (ft br- ) - (8tu lb- F F F

70 8.1 0.143 0.114 8.53 0.00----

100 8.4 - 0.145 0.116 8.70 8.62 0.31
L150 8.6 0.147- 0.118- 9.00 8.75 0.86:'200 8.8 0.149 . 0.120 . 9.29 8.92- 1.39
250 9.1 - 0.151. 0.122 " 9.55 9.07 1.97

300' 9.4 0.153. 0.124 9.78 9.22 2.54 :
350 9.6 ,0.156 ,0.126 9.98 9.32 3.16400 9.9 ' O.158 0.127 '10.16 9.45 3.72-:450 10.1 0.160 'O.129 10.30 9.55. 4.34-509 ' 10.4 'O.163 ; 0.130 ' 10.44 9.65 4.98

550 10.6- 0.166 0.131 10.55 9.75 '5.62500 10.9 0.168 'O.133- 10.66 9.83 6.26650 211.2 0.170 0.134 10.76 9.90 6.89700 -11.4 0.173 0.135 10.86 9.97 7.55750 11.6 0.1 75 0.136- 10.96
,

10.03 8.18
800 11.9 0.178 0.136 11.05 10.08 8.83,

L 850 12.1' O.180 0.137 11.14 10.14 9.49-'900 12.3 0.183 0.138 11.23 10.22 10.15
-

950 12.6 0.186 0.139 11.31 10.26 10.841000 '12.8 0.188 0.140 11.40 10.33 11.54

1050 13.1 ' O.190 0.140- 11.47 10.40 12.231100 13.3 0.193 0.141 11.55 10.45 12.911150 13.5 0.195 :0.142 11.63 10.47 13.571200 13.7 0.198 0.143 11.71 10.56 14.321250 13.9' O.200 0.143 11.78 10.60 15.01-

1300 14.1 0.202 0.144 11.85 10.66 15.731350 14.4 0.205 0.145 11.92 .10.70 16.44
1800 14.6 - 0.207 0.146 11.98 10.75 17.17-1450- 14.8 0.209 0.147 12.05 10.60 17.891500 15.0 0.222 0.149 12.11 10.83 .18.58
1550 15.2- 0.214 0.150- 12.18 10.87 19.31-

1600 15.4 0.216 0.151 12.23 10.90 20.02

_ _ .. __ _ .. __



.. . -
- ,

.,-

.~

'18 Cr - 10 Ni-Ti ( AISI 321 and 321H) STAINLESS STEEL
Instantaneous Mean

..

Coefficient of . Coefficient of
..Thermal Thermal Linear- Thermal Linear Thermal Linear

.

STemperature
' Thermal pft gtiv]ty Dif{usivjty-du

~. Specific Heag) .Expja siog) . Espa istog) (10 gpansion*n ft-1)
E(F) 18tuhr- F ) (ft hr- ) (Stu lb-1 F- (10 F- (10 * F- a

70 8.1 - 0.143 .0.111 8.97 ---- 0.00100 B.4. 0.145 0.113- 9.03 9.05 0.33150 8.6 U.147 0.115 9.13 9.13 0.88200 8.8 ' 0.149 0.118 9.23 9.18 1.43 .

<

250 9.1 ~0.151 -0.120 9.33 ~9.23 1.99
300 9.4 0.153 0.122 9.41- 9.26 2.56- ;350 9.6 0.156- ~0.123 9.49 9.30 --3.12400 9.9 0.158- 0.125 9.57 9.34 3.70450 10.1 0.160 0.127 9.64 9.38 4.27500 - 10.4 0.163 : 0.128 9.72 9.42 4.86-
550 10.6 0.166- 0.129 9.78 9.45 5.45600 10.9- 0.168 0.131 9.85 9.48 6.02650 11.1 'O.170 0.132 .9.92- 9.52 .6.62

,

700 11.4 - 0.173 ' ~ 0.133 9.98- .9.55 7.22750 11.6 0.175 0.134 10.04 9.58 7.81
> 800 11.9 0.178 0.135 10.10 9.61 8.42L 850 12.1 0.180 0.135 10.14 9.64 9.02*

900 12.3 0.183 0.136 10.18 9.67' 9.64950 '12.6 0.186 0.137 10.23 9.70 10.251000 12.8 0.188 0.138 10.28 9.73 10.86

1050 13.1 0.190 0.139 10.33 9.76 11.481100 13.3 0.193 0.140 -10.37 9.79- 12.10-1150 13.5 0.195 0.la0 10.40 9.82 12.731200- 13.7 0.198 0.141 10.44 9.85 13.36-'1250 13.9 0.200 0.142 10.48 9.88 13.98- i
t1300 14.1 0.202 0.143 10.51 9.90 14.621350 14.4 'O.205 0.144 10.54 9.93 15.241400 '14.6 0.207 0.145 10.57 9.95 15.881450- 14.8 0.209 0.146 10.61 9.98 16.521500- 15.0 0.212 0.147 10.63 10.00 17.16

1550 15.2 0.214 0.149 10.67 10.02 17.801600 15.4 0.216 0.150 10.69 10.04 18.43 '-

~~

b
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18 Cr - 11 Ni (30555) . STEEL ,
Instantaneous ~ Mean

.Coeff*clent of Coefficient of ,

-

Thermal Thermal Linear Thermal Linear. Thermal Linear
Expa

'

'E
SpecificNap) Expags og} (IOjsop)- (10gpansionin ft-1)'Temperaturp Thermalpndugt v}ty Off{usiv

y'
{ Btu lb-1 (10(F)- (8tu hr- ft- ,)~ (ft br-

-

70 8.6 ' 0,150 0.114- 7.93 0.00 =---

100 8.7 . 0.151-- 'O.116 8.16 8.03 ' O.29 -

150 9.0 0.153 0.118- 8.50 8.20 0.79

200 9.3 -0.155' O.120. 8.83 8.37 1.31

250 9.6 0.157 0.122 9.13 -8.54' 1.84'

300 . 9.8 0.159 0.124- 9.40 8.70 2.42-

350 10.1 0.161 -0.126 9.63 8.85- 2.97'
-400 10.4 0.164 0.127 9.83. 8.97' ' 3. 58 -

450 10.6 0.166 0.129 9.99' 9.11 4.18-

-500 10.9 'O.168 -0.130- 10.14 9.23- -4.78

550 11.1 0.171 0.131 10.27 9.33 5.39

600 11.3 0.173 :0.133 10.40 9.42 6.01

650 11.6- 0.175 'O.134 10.51 9.50 6.64-

100 11.8 0.178 0.135; 10.63 9.57 7.27

750 12.0 0.181 0.136 10.74 9.63 7.92

800~ 12,3 0.183 0.136 10.84 9.71 8.56

? 850 12.5 0.185 0.137 10.94 9.79 9.22

0 :900 12.7 0.188 0.138 11.05 9.87 '9.88
950 13.0 0.190 0.139 11.15 9.94 10.54 ]

2

1000 '13.2 0.192 0.140 11.25 10.01 11.21

1050 13.4 0.195 0.140 11.33 10.07 11.89

1100 13.6 0.197 0.141 11.42 10.14 12.58

1150 13.8 0.199 0.142 11.50 10.20 13.26

1200 14.1 0.201 0.143 11.58 10.26 13.96

1250 14.3 0.204 0.143 11.63 10.31 14.65

1300 14.5 0.206 0.144 11.67 10.37- 15.35

1353 14.7 .0.208 0.145 11.71- 10.42 16.04

1400 .14.9- 0.210 0.146 11.74 10.47- 16.75

1450 '15.1 0.212 0.147 11.77 10.52 17.46

1500- 15.3 0.214 0.149 11.80 10.56 18.17

1550 ---- 0.150 ---- ---- ----
'

0.151 ---- ---- ----

1600 ---.----

.-_ _ __ _ _ _ . . _ . . . . . . . . . . . , ,, ,-



18 Cr - 13 Ni -'3 Mo ( AISI 317 ANO 317L) STAINLESS STEEL.
Instantaneous' Mean

Coefficient of Coefficient of
' Thermal Thermal Linear Thermal Linear Themal- LinearTemperature Thermal pndugtivjty~ Diffusiv{)ty Specific Heg) (10jsieg) Expansieg). EapansionExpa

(F) (Stu hr- ft- F- ) (ft hr- (Stu lb- F- F- (10-0 F- (10-4 in ft-1)
70 7.4 0.134 0.111- 8.42 ---- 0.00

100 7.6 -0.136 0.113 8.59 8.54 0.30
150 7.9 0.138 0.115 8.84 8.64 0.78
200 8.1 0.141 0.118 9.09 8.76 1.32
250 8.4 0.143 0.120 9.33 8.88 1.92 -

300 8.7 0.145 0.122 9.56 S.97 2.50350 9.0 0.148 0.123 9.76 9.11 3.08
400 9.2 0.151 0.125 9.95 9.21 3.64
4 50 9.5 0.153 0.127 10.10 9.32 4.25
500 9.7 '0.156 0.128 10.25 9.42 4.86

550 10.0 0.159 0.129 10.38 9.50 5.47.
600 10.3 0.162 0.131 10.51 9.60 6.11
650 10.5 0.164 0.132 10.64 9.69 6.72700 10.7 0.167 0.133 10.76 9.76 7.39,

'

750 11.0 0.170 0.134 10.87 9.81 8.02

800 11.2 0.173 0.1 ",5 10.98 9.90 8.66? 850 11.5 0,176 0.135 11.09 9.95 9.29's 900 11.7 0.178 0.136' 11.20 10.02 9.97
950 12.0- 0.181 0.137 11.31 10.09 10.66

1000 12.2 0.184 0.138 11.40 10.16 11.35

1050 12.5 0.186 0.139 11.49 10.22 12.04
1100 12.7 0.189 0.140 11.58 10.29 12.72
1150 12.9 0.191 0.140 11.65 10.35 13.40
1200 13.2 0.194 0.141 11.72 10.40 14.11
1250 13.4 0.1% - 0.142 11.78 10.47 14.81

1300 13.6 0.199 0.143 11.82 10.52 15.53
1350 13.8 0.201 0.144 11.66 13.58 16.25
1400 14.1 0.203 0.145 11.90 10.62 15.96
1450 14.3 0.206 0.146 11.94 10.67 17.69
1500 14.5 0.208 0.147 11.97 10. 18.40

1550 17 0.210 0.149 12.00 10.74 19.09
1600 14.9 0.212 0.150 12.03 10.78 19.79

--
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18 Cr i18 Ni - 2 51 (XM15), STEEL
-Instantaneous .. Mean-
"

Coefficient of'. . Coefficient cf
Themal Themal Linear Themal Linear Themal Linear

. Temperature- Thermal du
'

(F) .'(Btu hr pft gtiv{ty. -Off{usiv{)ty- SpecificHeg) (10gsig) (10gsicy) (10gpansionin ft-1)
Upa Exp

(Btu lb-1 F F F -F- ) (ft br-

[ . 70 '6.4 C.115' O.114. 8.87 - - - - 0.00 -

100 6.6 0.116 'O.116 8.% 8.91 0.32-
'150 6.9 - 0.119 0.118 9.08 9.00 0.86
200 7.2 0.122 0.120 9.21 9.07 1.42
250 7.5 0.125 0.122, 9.33 9.15 1.98

300 [ 7.8 O'.127 0.124 9.44 9.20 2.54
350 .8.0 0.130- 0.126 9.56 9.28 3.12

,

400 . 8.3' O.133 0.127 9.67 9.33 3.70' .

450 8.6 0.! 4 0.129 9.78 9.39 4.28
500 ' 8.9 0.1. ? 0.130 9.88 9.44 4.87

550 9.2 ' 0.142 - 0.131 9.99 9.49 5.47-

600 9.4 0.144- 0.133 10.09 9.54 6.07
650 9.7 0.147 0.134 10.18 9.59 6.68-
700 10.0 0.150 0.135 10.28 9.64 7.29
750 10.2 0.153 0.136 10.37 9.69 7.91

~800 10.5 0.157 0.136 10.46 9.74 8.53
3= 850 '10.8 0.160 0.137 10.54 9.79 9.16
y 900 11.1- 0.162 0.138 10.62 9.84 9.80'

950 11.3 0.165 0.139 10.70 9.89 10.44 [1000 11.6 0.168 0.140 10.77 9.93 11.08 'i

1050 11.8 3.171 0.140 10.84 9.98 11.73 .;
1100 12.1 0.174 0.141- 10.92 10.02 12.38 ;
1150 12.4 0.177' O.142 10.98 10.06 13.04
1200 12.6 0.179 0.143 11.04 10.11 13.70 ;

1250 12.9 0.182 0.143 11.11 10.14 14.24

1300 13.1 0.185 0.144 11.16 10.19 15.03
1350 13.4 0.187 0.145 11.22 10.23 15.71
1400 13.7 0.190 0.146 11.27 10.26 16.38
1450 13.9 0.192 0.147 11.31 10.30 17.06
1500 14.2 0.193 0.149 11.36 10.34 17.74

1550 ---- .----- 0.150 ------

1600 ---- ----- 0.151 ----- ----- -----

,

w
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'!19.. Cr. - 9 Ni - No f W (19-9DL) STEEL: ' '

' Instantaneous . Mean- 4
.- Coefficient of - Coefficient of.

., . . .- Thermal
.5pecific Haa ' Espaasic

. .. Themal 1.inear Themal Linear - . ,

.Tiermal {ondujtivjty "Dif{usiv}ty' 18tuIb-1Fp} - (10-0 F g) bpagsicy),' '
" Thermal-tinearE

'Te@ erature ' E
(Ibzpansion' in ft-1}-(F) .:{ Btu hr ft- F )- -(ft hr- ) (10- F-

. _ .

' . 70 7.5 0.137 0.111 9.10 ---- 0.00
100 7.7 0.139 0.113 9.21 9.17 0.33
150 8.0 J0.141 0.115 9.38 9.27- 'O.89
200 - 8.2 0.142 'O.118 9.54- ,9.37 1.46- <-
250 8.6- 0.145 0.120 9.70 9.46 . 2. 04 -

300 .8.9 0.148-' 'O.122 9.85 9.54- '2.63
350 9.2 0.151

,

400 9.5 0.154-
~ E 123 . 9.99 9.63- 3.24
0.125- '10.13 9.69 3.84 :'450 9.8 0.156 0.127 10.26 .9.76 -~4 45

.500 ~10.1 0.159' O.178. 10.38 9.83- 5.07'
550 10.3 0.161 0.129 10.50 9.89 5.69

,

-600 10.6' O.163 0.131 10.61 9.95 "6.33
, *

650 10.8 0.165 0.132- .10.72 10.01- 6.971
700 11.0- -0.167 0.133 10.81. 10.07 -7.62 - .".750- -.11.2 0.169 0.134 10.91 10.13' 8.27 - ' '

T* 800 -11.4 0.171- 0.135 10.99 10.18 8.92.N 850. -11.6- 0.173 'O.135 11.07 10.24 9.58- ei900 11.7 0.174.. 0.136 11.14 10.29 10.25- ' ' '
! 950 '.11. 9 0.175 0.137 11.21 10.34 10.92'
| 1000 12.0 0.176 0.138 '11.26 10.39 11.59. '

1050 12.1 0.176 0.139 11.32 10.44 12.27
! 1100 '12.2 0.177 0.140 11.36 10.48 12.95

1150 12.3 0.178 0.140 11.40 10.52- '13.641200 12.5 0.179 0.141 11.43 10.56 14.321250 12.7 0.180 0.142 11.46 10.60 15.01- >

!

i 1300 12.9 0.182 -0.143 11.48 10.63 15.70 !
! 1350 13.1 0.184 0.144 11.50' 10.67 16.39

1400 13.4 0.186 0.145 11.51 10.70 17.08-
1450 13.6 0.189 0.146 11.51 10,73 17.77

,
',

1500 .13.9 0.191. 0.147 11.51 10.76 18.46
'

1550 --- 0.192 0.149 ----- ----- -----

1600 ---- 0.195 0.150 ----- ----- -----

!

|

|

!-

,
w.

!- ;
. .

_ .____-__-__ _ - _.- - - - _ . - .
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' 22 - Cr - 13 Nir - 5 Mn '(XM19) STEEL. _

Instantaneous' Mean -

*'
Coefficient of Coefficient of

Themal - Thermal Linear. Thermal Linear. Thermal Linear-

Expa siog) Expagsfog) (10gpansionin'ft-1).SpecificHeaj)'.(ft{hr-*)y,Dif usivjt| . Temperature Thermal fndugtivjty J(8tu-1b-1 F F (10 F(10' ' '(F) (8tu hr- ft- F- ) -

0.00-
--170 - 6.4 0.115 0.114 8.24 ---

100- " 6.6 0.116 0.116 8.35- 8.30 0.30
150 6.9 0.118 0.118' 8.51 8.40 .0.81
200 7.1 - 0.121- 0.120 8.67 8.48 1.32
250: 7.4 0.124 0.122 8.81 8.57 1.85 '

300 7.7 0.126 .0.124 '8.95~ 8.65 2.39
350 8.0 'O.129 0.126 9.08 C.73 2.93
400 8.2 0.132 0.127 9.21~ 8.79 3.48-
450 8.5 0.135 0.129 9.33 8.86 4.04
500 8.8 0.138 0.130 9.44 8.92 4.60

550 9.1 0.141 0.131 9.54 8.98 5.17
600 9.3 0.143 0.133 9.64 9.03 5.75
650 9.6 0.146- 0.134 9.73 9.09 6.33

| 700 9.9 0.149 0.135 9.82 9.15 6.91
750 10.1 0.152 0.136 9.89' 9.20 7.51'

800 10.4 0.155 0.136 9.97 9.25 8.10
? 850 10.6 0.158 0.137 10.03 9.29 8.70- .

|

0 900 10.9 0.161 0.138 10.08 9.34 9.30
-950 11.2 0.164 0.139 10.13 9.39 9.91 1

1000 .-11.4 0.167 0.140 10.18 9.43' 10.52 |

1050 11.7 'O.170 0.140 10.21 9.47 11.13 ,

1100 12.0 0.173- 0.141 10.24 9.50 11.75' '!

1150 12.2 -0.175 0.142 10.26 9.54 12.36

1200. 12.5 .0.178 0.143 10.27' 9.57 12.98

-1250 12.7 0.181 0.143 10.28 9.60 '13.59-

1300 12.9 'O.184 0.144 10.29 9.63 14.21

1350 13.2 0.186 0.145 10.29 9.65 '14.83

1400- 13.5 0.188 0.146 10.30 9.68 15.44

1450 13.7 0.190 0.147 10.30 9.70 16.06

1500 14.0 0.191 0.149 10.30 9.72 16.67

- --- ----- 0.150 ----- ----- -----

1550
0.151 ----- ----- -----' 1600 ---- -----

i - y w-

c
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23 Cr - 12 Ni (30955) STEEL
Instantaneous Mean-

Coefficient of Co2fficient of
Thermal- Thermal Linear Thermal Linear Then:a1 Lirmar

bpansionTemperature Thermal {onduptivjty Difjusiv}ty Specific Hea$ bpaDsio{* Upagsieg) (10 - in ft-1).(F) (Stu hr- ft - F- ) (ft br- ) (8tu Ib-I F-A) (10-0 F- (10- F-

70 8.2 0.139 0.114 8.72 ---- 0.00

100 8.3 0.140. 0.116 8.83 8.79 0.32

150 8.6 0.142 0.118 8.91 8.87 0.85

200 8.8 0.145 0.120 8.99 8.95 1.40-

250 9.1 0.147 0.122 9.% 8.99 1.94
1

300 9.3 0.150 0.124 9.11 9.04 2.50 |

350 9.5 0.152 0.126 9.16 9.05 3.04

400 9.8 0.155 0.127 9.19 9.08 3.59

4 50 10.0 0.157 0.129 9.23 9.09 4.15

500 10.2 0.160 0.130 9.28 9.11 4.70

550 10.5 0.162 0.131 9.33 9.13 5.2ti

600 10.7 0.165 0.133 9.36 9.15 5.82

650 10.9 0.167 0.134 9.41 9.17 6.38

700 11.2 0.170 0.135 9.44 9.19 6.95

750 11.4 0.172 0.136 9.49 9.21 7.52

S00 11.6 0.175 0.136 9.53 9.23 8.09

Y 850 11.9 0.177 0.137 9.57 9.25 8.66

5 900 12.1 0.179 0.138 9.62 9.27 9.24

950 12.3 0.182 0.139 9.67 9.30 9.82

1000 12.5 0.184 0.140 9.72 9.32 10.40

1050 12.8 0.187 0.140 9.76 9.34 10.98

1100 13.0 0.189 0.141 9.81 9.36 11.57

1150 13.2 0.191 0.142 9.85 9.3d 12.16

1200 13.4 0.194 0.143 9.89 9.40 12.75

1250 13.6 0.1% 0.143 9.94 9.42 13.34

1300 1.8 0.198 0.144 10.00 9.45 13.94

1350 14.1 0.200 0.145 10.04 9.47 14.54

1400 14.3 0.202 0.146 10.09 9.49 15.15

1450 14.5 0.205 0.147 10.15 9.52 15.76

1500 14.7 0.207 0.149 10.19 9.53 16.37

1550 ---- - - - - 0.150 ----- ----- -----

0.151 ----- ----- -----

| 1600 ---- - - - -

l

I

..

1

l

.

_ _ . _ _ _ _ .
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25 Cr.. . '12 Ni -(CH8/CH2O)' 5 TEEL
'

Instantaneous . Mean
Coefficient of Coefficient of

Thermal Thermal Linear Thermal Linear Thermal Linear.
Temperature Thermal ftgtivjty Dif{usivjty SpecificHepI)' Expgstog) ._ -(10-0Fg). (10gpansionin ft-ll.

du Expaosfo E

,,
(F) (Btu'hr- F ) (ft br- ) (Btu lb- F (10 F

70 6.4 0.116 0.114 8.81 0.00----

100 6.6 0.118 0.116 8.89 .8.87 0.32-
150 6.9 0.121 0.118 8.99 8.95 0.86 -

200 7.2 0.124 0.120 9.06 9.02, 1.41-
250 .- 7.5 0.127 'O.122 9.11 .9.00' 1.%

300 7.8 0.130 0.124 9.17 9.10 '2.51
350 8.1 0.133 0.126 9.22 9.12 3.06
400 8.4 0.136 0.127 9.27 9.14 '3.62'
4 50 8.6 0.139 0.129 9.29' 9.16 4.13
500 8.9 0.142~ 0.130- 9.33 9.18 4.74

'550 9.2 0.145 0.131 9.37 9.20 5.30'
600 9.5 0.148 .0.133 9.39 9.21 5.86
650 9.8 0.151 0.134 9.44 9.23 6.42
700 10.0 0.154 0.135 9.47 9.25 .6.99
750 10.3- 0.157 0 .1 36 9.52 9.27 7.56-

800 10.6 0.160 0.136 9.56 9.28 8.13
i" 850 10.8 0.163 0.137 9.61 9.30 .8.71
Gt 900 11.1 0.166 0.138 9.66 9.32 9.29

950 11.4 0.169 0.139 9.71 9.35 9.87
1000 11.6 0.172 0.140 9.78 -- 9.37 10.45

1050 11.9 3.175 0.140 9.84 9.39 11.04
1100 12.1 0.178 0.141 9.94 9.41 11.64
1150 22.4' O.180 0.142 10.05 9.44 12.24
1200 12.6 0.183 0.143 10.17 9.47 12.84
1250 12.9 0.186 0.143 10.31 9.50 13.45

1300 13.1 0.189 0.144 10.47 9.54 14.08
1350 13.4 -0.191 0.145 10.65 9.58 14.71
1400 13.6 0.193 0.146 10.86 9.62 15.36
1450 13.9 0.195 0.147 11.07 9.67 16.01

- 1500 14.1 0.1% 0.149 11.34 9.72 16.69
,

1550 ---- ----- 0.150 ----- ----- -----

1600 ---- ----- 0.151 ----- ----- -----
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25 Cr - 20 Ni:-(310SS) STEEL
.

.

: Instantaneous Mean
Coefficient ofi Coefficient of

.
. : Thermal

. Thermal Linear Thermal Linear Themal LinearTemperature ! Thermal " nductiv{ty.. : Dif fusivj ty Spec ific, Heat . Exp apsico Expa Qpansion.
-( F) (Stu hr- ft-I - ) '(ftd hr- ) (8tu lb - F-1)' {10-0 F-1) (10"psfooF-1) ' (10-' in ft-1),F

.70 '7.3 0.130 0.114 8.72 '

0.00-----

'100 <7.5 ;0.131 0.116. 8.83: 8.79 0.32
150 7.8- -0.153 0.118- 8.91' 8.87 0.85

'' 200. 8.0. -0.136 ~0.120' 8. 39 8.95 '1.40 ..

-

-

250 8.3 0.138 - 0.122 .9.06- 8.99 '1.94
300'- 8.6- 0.141 0.123 9.11- 9.04 2.50-
350 ' 8.8 0.143' O.125 9.16 9.05 3.04400 9.1 0.146 0.126 9.19 ~9.08 3.59-450. 9.3 0.149 0.127 9.23 9.09 4.15
500 9.6 -0.151 0.128 9.28 9.11 4.70-
550 .9.9' O.154 0.129 : 9.33- 9.13 5.26
600 10.1 0.157 0.130 9.36 9.15 5.82
650 '~ 10. 4 0.159 0.132 9.41 9.17 6.38'700 10.6 0.162- 0.133 9.44 9.19 '6.95-
750 10.9 0.165 0.133 9.49 9.21 7.52

P 800 11'.1 0.168 0.134 9.53 9.23 8.098 850 11.4 0.171 0.135 9.57 9.25 .8.66
900 11.6 'O.173 0.136 9.62 9.27 9.24
950 11.9 0.176 0.137 9.67 9.30 9.84

1000 12.1 0.178 0.138 9.72 9.32 10.40

1050 12.4 0.180 0.139 9.76 9.34 10.98
1100 12.6 0.183' O.140 9.81 9.36 11.57
1150 12.8 0.186 0.141 9.85 9.38 12.16-
1200 13.1 0.188 0.142 9.89 9.40 12.75
1250 13.3 0.190 0.143 9.94 9.42 13.34

1300 13.6 0.193 0.144 10.00 9.45 13.94
1350 13.8 0.195 0.144 10.04 9.47 14.54-1400- 14.1 0.197 0.145 10.09 9.49 15.15
1450 14.3 0.199 0.146 10.15 9.52 15.76
1500 14.5 .0.201 0.147 10.19 9.53 16.37

.

e

-. = _ _ - - _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - - _ _ _ _ _ _ _ -_ _. __
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| 27 Cr (W6/XM 27) : STEEL | "
1

Instantaneous Mean J
Coefficient of . . Coefficient of- ?"

- Therm 31'
du

. . Thermal Lineer . Thermal Linear- Thermal' Linear:
: Tenperature -

~ ( F) -- ' ' TL. seal pft gtiv{ty.. Dif{usivjty' . Specific rieap) Expagsfog) hpagsiog)- (10-'gpansionin ft-1) - >

E

Rtuhr- F ) (ft br- ) ' (Blu lb- F (10 F- (10- F
~7b '11. 6 . ~ 0.222 . 0.111 5.02 0.00 -----

100 11 6- 0.220' O.112 5.07- 5.06 0.18:
150. - 11.7 ~ 0.217 0.115 5.14' 5.12 0.49-

'

S700- 11.7L 0.214 O.118 '5.22 5.15 0.80
'

*

250 :1L8 0.211- 0.120- -5.29 5.20 1.12

.300' '11.8 0.208 0.123L . 5.36 - 5.23 1.44
350- 11.9 0.206 0.125 5.44 5.26 1.77 '<-

400 ' 11. 9 ' - 0.203 2 0.128 5.51 5.30 2.10-
450 12.0 0.201 0.131' 5.58 5.33 2.43

'500- 12.0 0.198 0.134 5.66 5.37' 2.77-

550 12.1' 0.195 0.138 5.73 5.40 3.11 ,

600 .12.2 0.192 0.141 5.80 5.43 JJ6 '!

650 12.2 -0.189 0.145 5.88 5.47 3.81
700 12.3' O.186 0.149 5.94' 5.50- 4.16
750 12.3 0.183 0.153 6.02 5.54 4.52

-800 12.4 0.179: 0.157 6.09 5.57 4.883

& . 12.5 0.1 74 ' O.162 6.16 5.61 5.25
40 12.6 0.170 - 0.167 6.23 5.65 5.62

-

950 12.6- 0.165 0.174 6.30 5.68 6.00
1000 12.7 'O.159.. 'O.182 6.37 5.72 .6.38

,

1050 12.8 0.152 0.194 6.44 5.75 6.76.
1100 12.9 0.145 0.208 6.51 5.79' 7.15

:1120 ---- 0.143 0.215* ----- ----- -----

1150 13.0: 0.150 - 0.198 6.58 5.82 7.55
1200 13.1 -0.160 0.184 6.65- 5.86 7.94

1250 13.2 0.169- 0.174 6.72 5.89 8.34 '

1300- 13.4' O.176 0.170 6.79 5.93 8.75
1350 13.5 0.183 0.167 6.86 5.96- 9.16
1400 13.7 0.189 0.166 6.92 6.00 9.57 '4
1450 13.8 0.194 0.164 6.99 6.03 10.00
1500 14.0 0.199 0.163 7.05 6.07 10.414

i

:y

- ,
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28 Ni - 19 Cr - Cu - Pc (CN7M) STEEL
Instantaneous Mean

Coefficient of Coefficient of
Themal Therm l Lfnear Thermal Linear Thermal Linear

E p ansion
Thermai ''endugtiv}ty Dif{usivjty Specific Hest Exp apsion bpaesicp) (10-' in ft-1)

Temperature 4

(Stu hr-I ft- F- ) ift hr- ) (Stu lb-1 F-1) (10-0 F-1) (10-0 F-1(F)

70 7.0 0.122 0.114 8.72 ---- 0.00
100 7.2 0.123 0.116 S.84 8.75 0.32
150 7.5 0.126 0.118 8.93 8.85 0.85
200 7.7 0.128 0.120 9.02 8.90 1.39

'

250 8.0 0.131 0.121 9.11 8.99 1.94

300 8.2 0.134 0.123 9.20 9.04 2.50
350 8.5 0.137 0.124 9.29 9.09 3.05
400 8.6 0.140 0.125 9.38 9.14 3.62
450 9.0 0.143 0.126 9.48 9.18 4.19
500 9.3 0.146 0.127 9.57 9.22 4.76

550 9.6 0.149 0.128 9.66 9.26 5.33
600 9.8 0.151 0.129 9.76 9.30 5.92
650 10.1 0.154 0.130 9.86 9.35 6.51
700 10.3 0.157 0.131 9.95 9.39 7.10
750 10.6 0.160 0.132 10.04 9.44 7.70

800 10.8 0.163 0.132 10.14 9.48 8.30>
lo 850 11.1 0.166 0.133 10.24 9.53 8.92

900 11.3 0.168 0.134 10.34 9.57 9.54"

950 11.6 0.171 0.135 10.44 9.62 10.16
1000 11.8 0.173 0.136 10.54 9.67 10.79

1050 12.1 0.176 0.137 10.t4 9.71 11.42-
1100 12.3 0.178 0.138 10.75 9.76 12.07
1150 12.6 0.180 0.139 10.86 9.81 12.71
1200 12.8 0.182 0.140 10.96 9.86 13.37
1250 13.1 0.184 0.141 11.06 9.91 14.03

1300 13.3 0.186 0.142 11.17 9.96 14.70
1350 13.6 0.189 0.143 11.28 10.01 15.37
1400 13.8 0.191 0.144 11.38 10.06 16.05
1450 14.0 0.193 0.145 11.49 10.11 16.73
15' O 14.3 0.195 0.146 11.60 10.16 17.43

|

l
1 -

*

{ . _ _ _ _ _ i i t - -
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APPENDIX B

,

' LISTINGS OF NOMINAL COMPOSITIONS-

VERSUS~,-

_

APPLICABLE SPECIFICATIONS

4

,

b- ., -

A-83 ,
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, a. w- m
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Nominal
: Composition .-Generic UNS
Designation Designation Applicable Specifications Number

C-Stee1 5A-J1, Gr A&ti- KU31UU
T SA-53, Gr A K02TDF

Gr B K03005
SA-134-
SA-135, Gr A
SA-155, Gr C45 - (K01700)

Gr C50 (K02200).
Gr C55 (K02801)~SA-178, Gr A K01200
Gr C K03503-

SA-179 K01200
SA-194, Gr 1 K01503-

Gr 2, 2M&2H K0401)T~
SA_-214

-
K01807

SA-283, Gr A, B, C&D
SA-285, Gr A K01700

Gr B K02200
'

Gr C K02801
SA-307, Gr B
SA-325
SA-354, Gr B"B BC&BD KO4TO F
SA714, Gr A K01501

Gr B Kli2201
Gr C K02503

SA-449 KOT70D-
SA-556, Gr A2 K11807
SA-557, Gr A K01807

Gr B K03007
SA-587
SA-671, Gr CA55 i;K02801
SA-672, Gr A45 @ ~

Gr A50 (K02200)
Gr ASS- (K02801)~

SA-675, Gr 45-70
_

A-85
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|
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I.

Nominal
Composition _ Generic

_

UNS
Designation Designation Applicable Specif_ications Number

.

C-Si Steel SA-lUb KU3bu4
SA-106, Gr A K02501

Gr 8 K03006
Gr C K03501

- SA-155, Gr KC55 (K02001)
Gr KC60 (K02401)
Gr KC65 fK02800)
Gr KC70 JK03101)
Gr KCF55 LK01800)

SA-1ET,' Gr I&ll K03502
SA-192 KdT2Dl-

-

SA-210, Gr A-1 K02707
SA-216, Gr WCA J02502

Gr WCB J03002
SA-226 K01201
S/,-234, Gr WPA/WPAW

WPB/WP8W&WPC
5A-266, C1. 1&2 K03506

Cl.-3 K05001
SA-352, Gr LCA J02504

Gr LC6 J03003
Gr 1CC J02505

SA-369, Gr FPA K02501
SA-372, Cl. I K03002__

SA-508, C1. 1 K13502
SA-515, Gr 55 K02001

____ Gr 60 K02401
Gr 65- K02800
Gr 70 K03101

5A-516, Gr 55 K01800
SA-541, C1. 1 K03506
SA-556, Br B2- K02707
SA-649, C1.-2- K05001
SA-660, Gr WCA&WCB.._ ,

2

A-86
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.

Nominal .

Composition Generic. . UNS
Designation Designation Applicable Specifications Number

~~C-51-5 tee 1 (cont.) ~
5A-671, Ur Ct5bu (Kuz4ul)~

Gr CB65 (K02800)
Gr CB70 (K03101 j~

SA-672, Gr B55 (K02001)^-
Gr B60 (K024011_

:K028DM,__
Gr 665 i

~~
Gr B70 i K03101)

_ _ _
Gr C55 (K01800)

C-Mn Steel 5A-135, Gr B
SA-333, Gr 1 K03008
SA-334, Gr 1 K03008 -

SA-414, Gr D K02T65-~
Gr E K02704
Gr F K03102
Gr G K031DT~

SA-455, Type I K03300
SA-557, Gr C K03505--

C-Mn-Si Steel SA-36 K0:60T)--
TA-155, Gr KCF60 (K021DDT-

Gr KCF65 (K02403)
Gr KCF70 (K02700)
Gr CMSH7D fK024001
Gr CMS 75 (K026DTT_~
Gr CMSH80 (K02400)

SA-2fD, Gr C K03501
SA-216, Gr WCC J02503
SA-299 K02803

,- SA-333, Gr 6 K0300 F
SA-334, Gr 6 K03006

~

_
SA-350, Gr LF1 K03009

Gr LF2 K030ll
SA-369, Gr FPB K036D6

-

,

D

A-87 ,

- - _ - _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - - _ _ _ _ _ _ _ . _ _ _ _ _ - _ -
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~~~ Nominal
Composition Generic UNS

' Designation Designation Applicable Specifications Number

C-Mn-Si Steel 5A-3/2, Cl. 11 KU4UU1
(cont.) C1. III K04801

SA-420, Gr WPL6/WPL6W
SA-442, Gr 55 K02202

Gr 60 K02402~~

5A-455, Type II K02802
SA-516, Gr 60 K02100

Gr 65 K02403
Gr /0 KUZ/00 |

iSA-524, Gr I&II K02104
SA-537, C1. 1&2 K02400
SA-556, Gr C2 K03006
SA-612 K02900
SA-660, Gr WCC

,

|
SA-662, Gr A K01701 !

Gr B K02203
SA-671, Gr CC60 (K02100)_

Gr CC65 (K02403)
Gr CC70 - (K02700)
Gr C070 JK02400) l

Gr CDSO LK02400? I

Gr CESS (K02202)
Gr CE60 LK02402) |
Gr CK75 (K028031 |

SA-672, Gr C6D (K.02100)
Gr C65 LK02403) i

Gr C70 (K02700)
Gr 070 - (K02400) |

Gr D80 LK02400) i

Gr E55 (K02202) |

Gr E60 (K02402) i

Gr-N75 (K02803) '

SA-695, Type B, Gr 35
-- & 40''

1

1

f
A-88

I

|
._ _
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\,,

fiominal
--

Composition Generic UNS
Designation Desianation Applicable Sn_ecifications Number

E~lin-Si (cont.) 5f-69i), Gr ti&c Kuuuu
SA-738

C-1/2 Mo- SA- B , Gr Cidh K11820
Gr CM70 K12020
Gr CM75 K12320

SA-182, Gr F.1 G2822'

3A-204, G3- A K11820
Gr B K1202D-~
Gr C K12320

SA-209, Gr T1 Kll522 ~
Gr Tla K12023
Gr T1b G T422

SA-217, Gr WCl J12522 ~ '

SA-234, Gr WP1/WP1Wo

SA-250, Gr T1 K11522
Gr Tla
Gr Tlb K11422

*5A-335, Gr P1
SA-336 Gr F1 K1252Gu
SA-352, Gr LCl

-

SA-369, Gr FP1 K11522
SA-426, Gr CP1
SA-517, Gr J KTIE2T-
SA-672, Gr L65 (Kll820)

Gr L70 (K12020
Gr L75 (KlTT26 -

1/2, Cr - 1/5 Mo
~ ~ '

1/2 Cr - 1/5 Mo-V SA-5U, Gr B KIT 6TO-
--

_ _ _

1/2 Cr - 1/4 Mo-Si SA-517, Gr A K11856 -
SA-592, Gr A K11856~~

A-89

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ -



I
.. i

Nomina 1
,

Composition - Generic UNS
Designation Designation Applicable Specifications Number

1/2 Cr - 1/2 tio 1/2 cr dA-Ibb, Gr 1/2 cx ( K17T477 --
SA-182, Gr F2 K12122
SA-213, Gr T2 Kll547
SA-335, Gr P2 K11547
SA-369, Gr FP2 K11547

,

SA-387, Gr 2 K12143 j
5A-426, Gr CP2 )

1/2 Cr - 1/2 Ni - 1/5 Mo 5A-3/2, Cl. V, Type C K13049
C1. V, Type D K13547

1/2 Cr - 1 1/4 Mn - 51 SA-202, Gr A Kll742
Gr B K12542

3/4 Cr - T/7 Ni - Cu SA-423, Gr 1 Kll635-

I Cr - V SA-233, Gr T17 K12047

I Cr - Il5J o AISI 4140 SA-193, Gr 87&B7M
''

SA-194, Gr 7
SA-320, Gr L7&L78

.

,

SA-372, C1. V, Type A K13047
C1. V, Type B K13548
C1. V, Type E
C1. VIII

1 Cr - 1/5 Mo - Si SA-517, Gr D KIT 6BF

1 Cr - 1/2 Mo 1 Cr SA-155, Gr ICR (Kil757)
SA-182, Gr F12 K11564
SA-213, Gr T12 K11562-_

SA-234, Gr WP12/WP12W_

SA-335, Gr P12 Kll562

|-

A-90
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Nominal
Composition Generic UNS
01 esignation. Designation Applicable Specifications Number

1 Cr - 1/2 Mo ( coa t. ) EF cr (cont.) dA-JJb, Gr t12 Kild64-
SA-369,~Gr FP12 Kll562
SA-387,-Gr 12 K11757
SA-426, Gr CP12
SA-649, C1. lA K14247

.

- 1 Ce - 1/2 Mo-V Cr-Mo-V SA-193, Gr B16 K14077-
SA-540,-Gr 821 K14073

_1__Cr - 1 Mn - 1/4 Mo 4142-H SA-540, Gr 822

1 1/4 Cr 1/2 Mo SA-217, Gr WC6 J12072~
SA-426, Gr CFll

1 1/4 Cr - 1/2 Mo -Si 1 1/4 Cr SA 155, Gr 1 1/4 CR (K117897
SA-182, Gr Fll XIl572
SA-199, Gr T11 K11597-
SA-213, Gr T11 KITE 9r
SA-234, Gr WFll/ ~

WP11W_ _ _ _

SA-335, GR Pll Kll597
SA-369, Gr FP11 K1159'7~
SA-38', Gr 11 K117897

1 3/4 - 1/2 Mo - Cu SA-517, Gr E K2160f'
SA-592, Gr E -K11695

| 2 Cr - 1/2 Mo SA-199, Gr T3b K21509
SA-213, Gr T3b K21509
SA-369, Gr FP3b K21509

2 1/4 Cr - 1 Mo 2 1/4 Cr SA-155, Gr 2 1/4 CR- (K21590)
SA-182, Gr F22 K12122
SA-199, Gr T22 K21590

!

|

_ _ _

A-91
,
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Nominal
Composition Generic UNS
Designation Designation Applicable Specifications Number

2_1/4 Cr - 1 Mo (cont. ) 2 1/4 Cr (cont. ) 5A-213, Gr 122 K21bsu
SA-217, Gr WC9 J21890
SA-234 WP22/WP22W
SA-335, Gr P22 K21590
SA-336, Gr F22/F22A K21590

~~

5A-369, Gr FP22 K21590
SA-387, Gr 22 K21590
SA-426, Gr CP22
SA-487, Cl. 8N J22091
SA-542, C1. 1&2 K21590

3 Cr - 1 Mo 3 Cr SA-182, Gr F21 K31545
SA-199, Gr T21 K31545
SA-213, Gr T21 K31545
5A-335, Gr P21 K31545
SA-336, Gr F21/F21a K31545
SA-369, Gr FP22 K31545
SA-387, Gr 21 K31545~
SA-426, Gr TCP71 '~~

5 Cr - 1/2 Mo 5 Cr - or SA-155 Gr 5 CR (K41545)r

AISI 501 SA-182, Gr F5 K41545
Gr F5a K42544

SA-193, Gr 85 55010D~
SA-194, Gr 3 550100
SA-199, Gr T5 K41545
5A-213, Gr T5 K41545]
SA-217, Gr C5 J42045
SA-234, WPS/WP5W
5A-335, Gr P5- IT5-
SA-336, Gr F5 K41545

Gr F5a K42544
SA-369, Gr FP5 K41545
SA-387, Gr 5- S50100

:

I

A-92
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Nominal 4

Composition Generic UNS '

Designation Designation Applicable Specifications Number

5 Cr - 1/2 Mo (cont. ) 5 Cr (cont.) 5A-426, Gr CFb

- 5 Cr - 1/2 Mo - Si SA-213, Gr T5b
~

K5154!i-
SA-335, Gr P5b K51545
SA-426, Gr CP5b

5 Cr - 1/2 Mo - Ti SA-213, Gr T5c K41245
__SA-335, Gr P5c K41245

T Cr - 1/2 Mo 7 Cr SA-182, Gr F7 K61595
SA-199, Gr T7 K61595 -

SA-213, Gr T7 K61T9F -

SA-335, Gr P7 K61T9T
SA-369, Gr FP7 K61595
SA-426, Gr CP7

9 Cr - 1 Mo 9 Cr SA-182, Gr F9 K90941
SA-199, Gr 19 KBI59F
SA-213, Gr T9 K81T9D--
SA-217 Gr C12 J820902
SA-335, Gr P9 K81590
SA-369, Gr FP9 K90941
SA-426, Gr CP9 *

/ Mn - V SA-225, Gr A Kll803
Gr B K12003

SA-487, Cl. IN/10 J03004~
'

Mn - 1/4 Mo SA-372, C1. IV d4TOF
_

Mn - 1/2 Mo
_

SA-307, Gr A K17D2F
~

Gr B K12022_.

SA-533, Gr A d2521
SA-672, Gr H75 (K12021)

A-93
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Nominal
Composition Generic UNS
Designation Designation Applicable Specifications Number

M5 - 1/2 Mo - f7F7TF- 5A-533, br D K12dz9

Mn - 1/2 Mo - 1/2 Ni SA-302, Gr C K12039
SA-533, Gr B K12539
SA-672, Gr H80, JSO,

J90 & 3100

Mn - T'/2 Mo - 3 /4 N i SA-302, Gr D Kf'2054
-

SA-533, Gr C K12bb4

1/2 Ni - 1/2 Mo - V- SA-541, C l. 3 K12045
_.

1/2 Ni-1/2 Cr- 1/4 Mo-V SA-487, C1. 4N/40 J13U47-

3/4 Ni-1/2 Mo- Cr-V SA-508, C1.3 K12042

3/4 Ni - 1/2 Cu - Mo SA-423, Gr 2 Kll540

17T Ni-1/2 Mo-1/3 Cr-V SA-508, C1. 2/2a K12766
SA-541, C1. 2/2a K12765

3/4 Ni-1/2 Cr - 1/2 Mo-V SA-517, Gr F K11576
SA-592, Gr F K11576

3 /4 Ni - 1 Mo - 3/4 Cr SA-217, Gr WC5 J22000

1 Ni - 1/2 Cr - 1/2 Mo SA-217, Gr WC4 J12082

1 1/4 Ni - 1 Cr - 1/2 Mo SA-517, Gr P K21650

13/(fli-3/4 Cr-1/4 Mo AISI 4340 SA-320, Gr L43 -

2 Ni - 1 Cu 5A-350, Gr LF9 K22036
SA-420, Gr WPL9

A-94
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Nominal-
Composition | Generic UNS.
Designation Designation Applicable Specifications Number

, [_N,1 - 3/4 Cr - 1/4 Mo - t-434U-ti SA-64u, Ur b24
SA-649, C1. 18 K24040

2. Ni 3/4 Cr - 1/3 Mo 4340 Mod. SA-540, Gr 824

2 1/2 Ni- 5A-203, Gr A K21703
Gr B K22103-

SA-333, Gr 7 K21903
SA-334, Gr 7 K21903
SA-352, Gr LC2 J02506

31/2 Ni SA-203, Gr D K3171'8~'
Gr E K320lf

SA-333, Gr 3 K31918
~'

SA-334,- Gr 3 K313]IF'
SA-350, Gr LF3 K32025
SA-352, Gr LC3 J31550
SA-420, Gr WPL3

3 1/2 Ni-1 3/4 Cr-1/2 Mo-V SA-508, C1.4/4b K22375-
^

5 Ni - 1/4 Mo SA-645 K41583~
SA-671, Gr CN

B Ni SA-553, Type 11 K7Dlf

9 Ni SA-333,.Gr 8 K8134D-
SA-334, Gr 8 K81340'
SA-353, Gr 9 Ni K81340
SA-420, Gr WPL8
SA-522 -K8134U-
SA-553, Type.1 K81340

L

L ll 1/2 Si - 1/2 Mo SA-335, Gr P15 K11578

i

,

.

| A-95
.
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Nominal
. Composition Generic UNS
Designation Designation Applicable Specifications Number

-12 Cr AISI 403 5A-4/9, lype 4U3 54UJUU

12 Cr - 1 Al AISI 405 SA-240, Type 405 540500
SA-268, Gr TP405 540500
SA-479, Type 405 540500

13-Cr AISI 410 SA-182, Gr F6a K911bl
SA-193, Gr B6/86X S41000
SA-194,- Gr 6 5410 F
SA-217, Gr CA-15 J91150
SA-240, Type 410 S41000
SA-268, Gr TP410 541000
SA-336 3r F6/F6a K91151
SA-426, Gr CPCA15
SA-479, Type 410 S41000

AISI 416 SA-194, Gr 6F S41600
AISI 410S SA-240, Type 4105 541008

- 13 Cr - 4 Ni SA-487, C1. CA6NM J91540

15 Cr AISI-429 SA-182, - Gr F429 542900
SA-240, Type 429 542900
SA-268, Gr TP429 S42900

16 Cr - ITi, - 2 Mo AISI 316 SA-182, Gr F316 531600-
'

SA-193, Gr B8M/B8MA S31600
_ SA-194, Gr 8M/8MA S31600

SA-213, Gr TP316 S31600
SA-240, Type 316 S31600
SA-249, Gr TP316 5313UD~
SA-312, Gr TP316 531600
SA-320, Gr B8M S31600
5A-33E, Gr F8M
SA-351, Gr CF8M J92900..

A-96
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hominal
Cornoosit ion Generic UNS
Designation Designation Applicable Specifications Number

~16"Cr T L1i - 2 Mo AI51 31b SA-3bu, Or J1b 331EKr
"

(cont.J (cont.) SA 376, Gr TP316 531600
SA-403 WF316/

WP316W L WF316 HF SJllDD-
SA 4OF,~Gr TVTT6 53T6U0~

.
5A-430, Gr FF316 5316DF
SA-45) Gr CFF8}i J9FJM~
SAWS,, Type 316 S31600__
5A-688, Gr TP316 531600

AT51 316L SA-182 Gr F316L S31603~

SA-213, Gr TF3T6L S3160T,

j 5A7 40, Typ3 316L 53T60T
SX 249, Gr TP316L S3T6DT
SA-312, Gr TP316L S31603
SK~351 Gr CF3M/

C73N JT7lTDT
~

SA-15'87 + 316L S31603
SA-403 W316L/

WF3iEEW 53T6(13-
'

SA-479 a1e 3F6L S31W3~
SA M 6, Gr TFI16L ~53T6DT

316l1 SA-182, Gr F316H 53fs F~
SA!213,_Gr TP316H 53T(Iuf)

~

SA-240, Typ~e 316H S31609
5A249, Gr TP3T6TF~ T31500

$A-31(2
Gr TP316H $3f60'T

$1~T6 ~Gr 316H ~S31EDF
SA-376, Gr TP316H ~~53T6DT
SA-403 WP316H/

WF3i6HW & WP316HF 531T20F__

5A-430, Gr FP316H 53T600
SA-452, Gr TP316H
SA-479dype 316H S31 EOF

'

o

e

A-97 ,
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~~hominal
Composition Generic UNS iDesignation Designation Applicable Specifications Number !

IU~Cr- IThi- 7 Mo- N AibI 31bN 5A-162, Gr F31bN 5313bT- i
SA-213, GTTP316N 53T65T- 1_

5A-240. Type 316N 531651_ i

SA-249, Gr TP316N 531651
SA-312, Gr TP316N 531651~

5A-358 Gr 316N 531651~ !
~~ ~

SA-376, Gr iP316N 5h1351~~~ ~

SA-403, WP316N/
WP716NW 5310b1

5A-430, Gr FP316N S31651 -

[ SA-479, Type 316N S31651_
'

_

IT'CT~ AISI 430 SA-182. Gr F430 543C3T
~

'

SA-240 Type 430 543000 ;_,_ _.

SA-268. Gr TP430 543000~

SA-479, Type ,470 S43000

17 Cr - 4 Ni - 4 Cu _ 17-4 Pil or 5A-564, Type 630 - 517400
AISI 630 SA-705, Type 630 517400

18 cr - 5 fB - 3 Mo ~5A-669 531500 #

18 Cr FNi AISI 302 SA-240, Type 302 530200~
-~ ~ ~

-

SA-479, ^ Type 302 530200'
AISI 303 5A-194. 6r 8F/8FA 530300~~

SA-320, Gr B8F S3030F' ~

AISI 303+5e SA-194, Gr 8F/8FA 530323
SA-320, Gr 88F S30323

'

AISI 304 SA-182, G7 F304 S30400~~

SA-193, Gr 88/88A 530400~

SA-194, Gr 8/8A S30400'
5A-213, Gr TP304 - 530400'
5A-240, Type 304 530400-

SA-249, Gr TP304 53040F

1

A-98
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Nominc1 |

Composition Generic UNS
' Designation Desinnation Applicable Specifications Number

TH Cr --U N1 (cont.) AISI JU4 bA-312, Gr IPJU4'~"~ 5474U0~
(ennt.) SA-326, Gr 88 SID4H6~

SA.336, Gr F8
^

SA-351, Gr Cf8/CF8A J92666~
SA-358, Gr 304 530400

~5A-376, GF TP304 530400
~T C4U3, WP304/ |_

._

WP304W S30400 l,__

SA-409. Gr TP304 530400-
~ ~

SA-430, Gr FP304 S50400~ ~

SA 431, Gr CPF8 J976DT r~

5A 479 Type 304 530406~ l

- ~

SA-6Bf, Dr TPIOT ~53 MOD-
'

~~

AISI 304L SA-182, Gr F304L S30103
5A-213, Gr TP364L ~53U40T
SA-240dpe 304L S30403

'

SA-249, Gr TP304L S30403
SA-312, Gr TP304L S30403~'

SA-351, Gr CP3/CT3A J97500-
SA-358, G- 304L S30403
SAJ 63, WP304L/
"

F304 LW - 53040TW

$A-479, TypT304L SW4DT
SA-688, Gr TP304L S304DT

'
304H SA-182, Gr F304H S3040F

SA-213, Gr TP304H S3040F~ ~

SA-240, Type 304H S3040T
SA-249, Gr TFT64H S3DTDT
S/T-3U, Gr TP304H S304U9-
SA 3'J8, Gr 304H S30469-
SA-376, Gr TP304H S30409
ST103,- WP104H/

-

- WP30TilW 530409-
SA-430, Gr FP304H S30409

,

A-99
,
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'komina1 .
Composition Generic UNS

Designation Designation Applicable Specifications Number

18 cr - u Th (cont.) Ju4TT- u 4N, br IFJU4H
-

(cont.) SA-479, Type 304H 5304 F

III Cr - 8 Ni - N AISI 304N SA-182, Gr F304N S30451
-

~~

5A-213, Gr TP304N 530 W
5A~72!D, Type 304N 530451~

~

5A-249, Gr IP304h 530T5T-
5A-312, Gr TP304N 530451
5A-358, Gr 304T4 530451
5A-376, Gr TP304N 5303bT-
SA-403, WP304N

WP304NW 510451- -

-

SA-430, Gr FP304N 53045T
SA-479, Type 304N S30451

'
1Ti Cr - 10 Ni - Cb A151 347 5A-182, Gr F347 534700

SA-193, Gr B8C/B8CA 534700
5A-194, Gr 8C/8CA 534700
SA-213, Gr TP347 534700_
SA-2T6, Type 347 S34700

_ _

5A-2T9, Gr TP347 53470F
SA-312, Gr TP347 53UDD-
SA-320, Gr B8C S34 TOT

_

~~"
SA-336, Gr F8C

~

5A 3 1, Gr CF8C J92710
SA-358, G4 347 _534700
5A-3/6. Gr TP347 5347DD~

_
IA-403, WP347/

WP347W S34700

~
SA-409, Gr TP347 534750-
SA-4'30, Gr FP347 534700 -

SA-451 Gr CPF8C 092710
5A-479, Type 347 534700

347H SA-182 Gr F347H S34709

A-100
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Nominal
t

Composition Generic UNSDesignation Designation Applicable Specifications Number

18 Cr -- 10 N1 - Cb ~34711 (cont. ) 5A-21'37Gi TV34/H d34709-
SA-240, Type 347H S347DF |
SA-249, Gr TP347H ST47D9~

*

SA-312, Gr TP247H S3470T
fA-376, Gr 1PT47H S3470F

~

SA-4D3, WP347H/
WF347HW & WP;JIiF S3470T

SA-4TO, Gr FP347H S34709
SA-452, Gr TPT47H
SA-479, Type 347H S3470F

AISI 348 SA-182, Gr F348 S34800
SA-713, Gr TP348 514DUS-
SA-240, Type 348 S3TB60~
SA-249,~Gr TP348 '5348DF
SA-312, Gr TF348 S34700~
SA-358, Gr 348 S34F0F~
SA-376, Gr TP348 ST486F
SA-403, WP348/

_

SA-469_8 H
WP34 T3T8U0~

Gr TP348 534800
SK'4dType 348 53T600~

~~

3T8H SA-182, Gr F348H S34B F
-

SA-213, Gr TP34DH S34809
~

_ SA-240, Type 348H S348 W
5A 7(9, Gr TP34BH S3TBDD~ '

SA-3 F2, Gr TP348H S34800
SA-479, Type 348H ST4FOT

18 Cr - 10 Ni - Ti KISI 321 SA-182, Gr F321 ST2TO0~
SA-193, Gr B8T/BSTA ST2TDD~

- ~~~TA-~I94, Gr 8T/8TA 5721U0~
SA-213, Gr TP321 S32100
SA-240, Type 321 S371 F
SA-249, Gr'TP321 S32100

o

A-101
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~kominal
iComposition Generic UNS
'

Designation Desfanation Applicable Specifications Number

E g r - W Ni - i1 Aldt JU bA-Jit, Ur IPJ21 SJ2iOO
5A-320, Gr B8T 53210T__

SA 336, Gr F8T
SA-358, Gr 321 532100
5A-376, G7 TP371 537I50-

WP321/5A-403;IWWF3d 532100
SA-409. Gr TP321 532100
SA-430 Gr FP321 53210D-
SA-479, Type 321 532100~ ~

321H SA-182, Gr F32Til S32109
5A-213 Gr TP321H 5321DF,

SA-240, Type 321H 532109 "

SA-249, Gr TP321H S32109~~

_ 5A-317, Gr JP321H 532109
_5A-376, Gr TP321H 532109_

SA-403, WP321H/
WP321HW & WP321HF 532109

5A-430, Gr FP321H 532109
SA-479. Type 321H S32109_

IT Cr - 11 Ni AISI 305_ SA-194, Gr 8P/8PA 530500
'

SA-240, Type 305 S30500-

18 Cr - 13 Ni - 3 h AISI 317 5A-240 Type 317 531700
SA-249, Gr 19317 S317DT
SA-312, Gr TP317 531700

| SA-403, WP317 531700
L AISI 317L SA-740. Type 317L S31703

~

ITCr - 18 Ni - 2 51 - XM-15 5A-213, Gr XM-15 538100
SA-240, Type XM15 538100
SA-249 Gr XM15 538100
SA-312, Gr TPXM15 538100_

;

1

1

L

|

|
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Nominal
Composition Generic UNS

Designation Designation Applicable Specifications Number

19 cr - 9 ru - Mo - W l'9 90L 5A-4b3, Gr bbi K631 F

22 Cr - 13 Ni - 5 Mn XM-19 SA-182, Gr FXM-19 520910
SA-240. Type XM19 520910
5A-249, Gr TPXM-19 52D9TO-
5A-312, Gr TPXM-19 5209101

SA-403, kPXM-19 5209T0-
SA-412, Type XM-19 52ClT6-
SA-479, Type XM-19 520M F

23 Cr - 12 Ni AISI 309 SA-249, Gr TP309 S3096D-"

SA-312 Gr TP309 53U9DT -

SA-33BIGT3U9 - 53DY00-
SA-403, WP309/

WP309W 5.7U9U0-
SA-409,~Gr TP309 5369DD-

~

AISI 3095 SA-240. Type 309S S30905-

- 25 Cr - 12 Ni 5A-351, Gr CH8 7974DO-
Gr CH2O J93462-

5A-451,- Gr CPH8 J93~400-
Gr CPH2O J93402

25 Cr - 20 Ni AISI 310 SA-182, Gr F310 531000
5A 213, Gr TP310 531U0U-'

SA-249 Gr TP310 SilRid-
SA-312IdTTP310 53T60F
SA-336, Gr F25
SA-351, Gr CK20 J9T2Tif'
5A-358, Gr 310 S3100F

,

SA-403, WP310/
~

'

WP310W S316'OT
SA-409, Gr TP310 S3100Q~
SA-451, Gr CPK20 J747Uf'

,_

s

A-103 .
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Composition Generic UNS

Desi,gnation Designation ,, Applicable Specifications Nurrber
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. . $. . - f ecificationAM
_

Grade, Type, Generic Nominal Composition
Designation DesignationNumber - or Class _ _, ,_

..___ _

- yy,y . .. _ _ . ._. y_y . . . ..- _- - - -
_ -- =-

__ ..._.- ___ _ _.__Gr CMSH70- C-Mn-51 Steel
~ ~

Gr CMSi5 C-Mn-Si Steel
_ . . ____ . ._ ..___G r - CM 5 H8 0

~~-~~

C.Mn-51 5 teel
___= -_. __.-

_ . . _ _ _ ___ ...__Gr 1 CR.l_i_ ____ _ _ _ _ _ _ --- _ _ 1/2Cr-1/2MoGr 1/2C. _ _ _ _ _ - . . -

.__ . 1Cr-l /2Mo
Gr 1 1 4CR_____ . . . . . _

__

1 1/4 Cr-1/2Mo-Si ,

_ ._ . ,___ _ _ __..

. .-.
Gr 21 21/ r-lMo >

1

Gr SCR - __ - TCr-1/2Mo |
-._

- - . .

TfTTU Gr A
~

"C Steel
Gr F _C Stec1

'

_

__- . - _ _ --

._TA.179.__ _,
_ . . . . . _ .. - . . . _ _ _ _ . _ . _ -

C Steel
.

-
- = -

~~SA 16f Gr i
_. _

_C-Si Steel
~

__

Gr 11
_ .--.. . - .-

C-Si Steel

5A~IUf Gr 7T_ C-1/2Mo_
^

,

Gr T2 1/2Cr-l/TMo~

_ _,_ _ _ Gr F5/F5a_ 5Cr-1/2Mo-,

1TCr
._ __-- _-Gr FBa _- -._ _ , _ --.

7 Cr-1/2MoGr F7 -

- = = . _ - - - - _ . __

. _.....__ . _ _ . r 9Cr-lMo
Gr Fll 1 1/4 Cr-1/2Mo-51

. .

. . . _ , _ _ _ _ _ _ _ .

.-.. . __ .....= - _Gr F _ .- -._. . . ICr-1/2Mo
r Tfl. _... __ -

2 1/4 Cr-1Mo
3Cr-lMo

_ _ . _ - _

Gr'Tf2
. ._. .--. . _ _ - _ .

Gr FXM . 27Cr
- __ _ ~~pg 15Cr

Gr f430
' ~ ~ ~ " ~ ' ~ ~ ' ' ~ ~ ~ ~

l7Cr
- _ _ - - , . ~ "

-... - . . =
Gr F304H

_. - ~ ~ ' .~ . . ~ . . ~ . . _ ~ ~ , ~ ~ ~ ~ ~18Cr-8NiG _r F304 -
-

. __~18 Cr-8 N i
Gr F304L ..

_ _ _ _ . . _ -

_ _ . _ _ . . - _ - . - - . _ _ _ _ _ _ . . . _... .._ _ __. _18 Cr -8 N i-

,

,

. .

k

A-108
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' 45ME Specification
'

Grade. Type, Generic Nominal Composition
Number or C_ lass Designation

.-

Designation ,

_ - -
- -..

g.g - .-

- - _ _ _ _ - . - . - _ _ ,_ _-___ .
, ,

~ ~ ~ ~

Gr F310 - . . . _ . - _ _ ' ___25Cr-20Ni . ._ t_-

Gr F316IF
- ~~

16Cr-12Ni-2Mo
~~~~~~

Gr F316L -~"~~~ ~~16 Cr -12 fH -2 Mo
~~

Gr F316h
~~

1TCi~JT7til 2Ro~~ff~ +

- . ~ ~ ~ ~ ~

~ ~~ ~~~ ~~~~18 C r -10}{{~TiGr F321
..Gr F321H - - . . _ _ - - -- . IlfCETO)TT. fi --

~

(
~~~~~ ~

18Cr-FONi-CbGF F347H ~ ~ ~ ~~~~

Gr f348 18Cr-10Ni-Cb
~ ~ ~ ~ ~ ~ ~

18Cr -10Ni-Cb".- ~"~
_.Gr F348H

~22Cr-13Ni-5Mn~ ~'Gr FXM-19 ~~ ~~~27-TT!5~~~
. . _ - _ - -

.

~~

~$@ ~ ~

_22. ._ _ [.-~ ~ICISMe~0!. '

-.._-__ ._ __.

,

-. -- --._-.--_ . . - - . . . . - . - . .. ...

~~~'

Gr-~ X AISI Typt 4T6 13Cr
~~~

, - rE B7M ' ~~~Tf5T 4140 ~~~TCr-l/EMo "

Gr B16 lCr-l /2 mot
--._ _ - - ~~~~

- Gr B8/884" ~ ~~4 f5 f"Tife ~T04~~ ~~-~IFCF BYT"
~ ~ ~_ - - _ . _ .

~~~ ~ ~ ~ ~ ~~ ~ _Gr B8C/8sfK~ ~ ~~' AISI type T47~~~ 18Cr-T6tif~Cb
-

AISI T ~ ~16Cr-12Ni-2Mo
_A15T~_ype 316TypT32T~~~ ;1FCF 1DRf TT _ _.

Gr 88M/88MA
Z'_~~~~~~ _Gr 68 T /SETA~ __ _

}g-y -- y- - - - = - - --

.7g ---_ ______ __.-... - _ _C~5 teel
~~~-_ --

- - - _- .- .g ..
__ . - _ -

~ ~ " ~ ~ ~ ~~~

_ ___ - - -
Gr 6 AISI Tvpe.410 ~~~ TTCr

_g g.,-_.

'Gr 6FE(Se) l Type 416 Se ~~~~'13Cr
~ ' ' ~ ~ ~~~~~~

-

---
.

Gr 7 - Af51 4140 1Cr-f75iio
~ ' ~ ~ ~

Gr 8/8A' '~~~~4151 Type 3M~~~~~~1TCr ~BNi
Gr 8 C/6f5-~[_ _ A I S T~TypT3TT ~~ ~~~ 18Cr-16Ri-Cb

~~

,,_

. - -- .

.

, ..-
.

.
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ASME Specification
Grade, Tyde,'~~~ Generic Nominal Com osition

Number or Class
_

Designation Designation
_

3A;TV4 GF TM,~BMA ~~AT SI lype Jib ~ ~1FCr712n i-rMo
~~

Gr 8T, 8TA AISf Type 321 18Cr-10Ni-T1
'

Gr 8F, 8FA AI S I Typ'e 303 + 5 ~~ 18Cr-8Ni
. . . . . . _ .

___Gr 8F, 8FA
- ~~AISI Type 305 18Cr-llNi

A151 Type 303+5e 18Cr-8N1
Gr 8P, 8PA

_

. . . _ . . . _ . _ _ . . _ _ _ . . . _ _ _ . . ._.,._ -

.

_

Gr T5 Scr-1/2Mo
___ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ -

,

Gr T9
_.. .. -. ..__ .,

9Cr-lMo.- _, . _ _ _ _ _ _ _ _ _ _ _

_
_ ___- . _ _ . _ _ _ _ _ _ _

,

~ ~ ~ ~ ~

Gr T2P - ]~~ ~~~" -~~ ~~~~7 1/4 Cr -1 Mo.

gg_ __7 7
_ . _ . . _ _ _ . . _ _ _ . . . _ . . . _ _ _

Gr 8 ~ ~ T.Z~.ZZ __ _ .~_~.~~.~._ __1/2 C r-17/4 Mn -s i. _

_g _ ,
. .__ _._ -. . ..- .

' ~ ~ ~ ~ ~ ~ ~

B '' '' 2 W ~'

. .Gr 0 3 1/2Ni. - _ - . . . . . . . . . . . . . _ _ .

SA-f 4 Gr A C-T/fMo___ ~

~~~ ''"~ "_~~~____ __ _.C-1/2Mo
~

Gr B
-

,

Gr C
. -

C-1/2Mo

SA-209 Gr il
-. = . _ _

C-1/2Mo~ ~ ~ ~ ~ ~ ~ ~

_ _ - - - .____Gr T1a . ~ ~ C-1/2Mo
Gr TIL ~ ~~~ ~~ ~ ~ " _ . ~ - _ ~ _ _ _ ~ ~ ~ _ ~ -C-1/fMo_ . . _,_

SUff0 G7'A 1
~~

~~~~~~~~~Tsi Stee l -1

~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ '

'

Gr C C-Mn-Si Steel

SA-213 GTY2
_,__ _ _]~~__ 1/fCr-1/2Mo :

~ ~ ~

,

n

A-110

. . - . . - . _ . __ ,. - - . . .. - --, . -.
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*,,

75RE~ Specification
Grade, Type, Generic Nominal Composition .

Nunber or Class Designation __ Designatio_n

7 A-213 Gr ub 2C~r 172Mo~~~~~
Gr T5 5 Cr-1/2Mo ~~

Gr T5b Scr-1/2iio ffi
Gr T5c- Scr-1/2Mo-Ti ~~

Gr T7 7 Cr-l /2Mo
Gr 19 9Cr-lMo

~ Gr Ill, 1 1/4 Cr-1/2R6~5f'~ ,

Gr T12 1 Cr-1/2Mo
-Gr T17 ~~~~ 7 Cr-V

~~~
-

-

Gr T21 3Cr-lff6~
Gr T22 2 1/4 Cr-lldo

~

~

- Gr TFJ64 18Cr-8Hi
~~~ *

-

Gr TF304H ~1BCr-fiffi
-

-

~~

Gr TP304L ~18Cr-8Nf""
~

Gr TP304N- IFCF-6ffGTI-~~~ ~~~~~

~~
~~

-Gr TP310 25Cr-20Ni-
~~

Gr TP316 ~ ~~lTCr-12 N i-2 Mo ~~~

Gr TP316H 16Cr-12N1-2Mo
l ~ ~ ~

Gr TP316L ITCF-12Wi -2Mo
~ ~ ~ ~ ~ ~~~

Gr TP316N 16Cr-T2Ni-2Mo N
6F TP321 IECF-T6TF~TT-~

~ ~ ~ ~ ~ ~ ~

~

Gr TP321H 18Cr~TOTTi Ti
Gr TP347 18Cr T6Ni-Cb

~

Gr TPI47R 1FCr-10Ni-C6 - ~
Gr TF3T8 ITCi'lTINi-CT-~~

~

~

Gr TP346H 18Cr-10Ni-Cb
Gr XW15~' 18 Cr-18N i -2 5F'~

~~~ ~ ~ ~ ~

_

- _ . - -
- - _ _ _ _

g,g

_

~'~5X~716 6'r"~EUA~~~ C~5T~5 teel
-

-

Gr WCl~~~ C-Si Steef
~

~~6r WTC __ _T~i_ _
C-Mn-Si Steel ~ ~~

_ _.. _ _ _ _ _ _ _ -

o

\1

A-lll
,

. .
_____
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~55ti B oecification
i Grade, Type, Generic Nominal Corposition'~

Number or Class Designation Designation
__

~~5K-717 Gr WCl C-1/2Mo
7~~W4 1N 1-l /2 Cr-l /2 Mo

^

3 /4 Ni-lMo-3 /fCr~

Gr WC5 ~ ~~
~~ '

Gr WC6 l 1/4Cr 1/2Mo
Gr WC9 2 1/4 Cr-l Mo

~~

~-~

Gr CF 5 Cr-l /2 Mo
Gr C12 9Cr-lMo
Gr CA-15 13_Cr

-

SA-22C Gr A Mn-V
~ ~

Gr B Mn-V

~M76 C-Si Steel

~~5Q3C WPA/WPAW C-fi Steel
~~

WPB/WPTW C-Si Steel
WPC C-Si Steel
WPlf_WPIII C-1/2Mo
WF12/WF12W- 1Cr-1/2Mo
WPll/WPilW 1 1/4 Cr-1/2Mo-Si
WP22/WP22W 2 1/4 Cr-lMo
WP5/WP5W SCr-1/2Mo

___

f e 302
-

18Cr-8Ni~~54~N0 L
Type 304 18Cr-8Ni

_
_ Type 304H 18Cr-8Ni

Type 304L _ 18Cr-8Hi
_ _ . _ _ , _ _ . _ _ _

Type 304N 18Cr-8Ni-N
,_,_ _ _

Type 305 18Cr-11Ni

..i _ _ . _. Type 3D95
_

23Cr-12Ni

__

Type 3105 25Cr-20Ni
Type 316. 16Cr-12Ni-2Mo

_ _ _ _ _

Type 316H 16 Cr-12 N i-2 Mo
Typ,e 316L 16 Cr-12 Ni-2Mo

A-112

_ _ _ _ _ _ _ _ _ _ _ _ . _.
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- ~~K5ifE Speri'ication
~

~

Grade, Type, Generic Nominal Composition -

Number or Class Designation Designation

SA-24U~ Type 31biI'~ lb Cr-177fRMo7f-~
~~ype 317 18CF~13Ni-3MoT

Type 317L 18Cr-13Ni-3Mo
Type 321 18Cr-10Ni-Ti
Type 321H 18Cc-10Ni-Ti
Type 347 18Cr-10Ni-Cb

~

Type 347H 18Cr-10Ni-Cb
^

Ty Le T 18Cr-10Ni-Cb
7ype T48H 18Cr-10Ni-Cb

Type XM15 18Cr-18Ni-25T- -
~~~

-

Type XMff 18Cr-8Hi-N
Type XM19 22-13-5 22Cr-13Ni-5Mn

~

Type 405 12Cr-1A1
Type-410 1TCr
Type 4105 13Cr
Type 479 ITCr

~

~~

lype 430 17Cr
,

~~YA-24 9 Gr TPIO4 18 EF-6 N i ' ~~~~~
Gr TP304H 18Cr-8Ni
Gr TP304L 18Cr-8ki~'~

Gr TP304N 18Cr-3Iii-k
_

Gr TP309 23Cr-12Ni . ,

Gr TP310 25Cr-20Ni~
Gr TF31~6~ ITCr-12Ni!7Mo

~

Gr TP316H 16Cr-12Ni-2Mo
Gr TP316L 16Cr-12Ni-2 bio

_~

Gr TP316N lifCr-12Ni-2Mo-N -
Gr TP317- f8Cr-13Ni-3Mo__

Gr TP321 18Cr-10Ni-T1
GTTPTfIll 18Cr-10Ni-Ti
Gr TP347 18Cr-10Ni-Cb
GTTP317H

'

lecr-10Ni-Cb
Gr Tfl4H 18Cr-10Ni-Cb- '

_ _ _ _ __

.A-ll3 .

'

.z . - .. . . . _ . . . - - . , -.. , . . , _ . -
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L

JTiiE S ccificationA
Grade. Type, Generic Nominal Composition i

Number or Class _, Designation Designation i

TA;M9 Gr .r348tl 18 cr-iUTU-CD
-

Gr XM-15 18-18-2 18 Cr-18Ni-251
_

Gr TPXM-lT 22-13-5 22Cr-13Ni-5Mn

~5A730 Gr Tl C-1/2Mo
- .

~

Gr T1a C-1/2Mo
Gr Tlb C-1/2Mo

'

~'36-7lI6 Cl. 1 C-Si Steel
Cl. 2 C-Si Steel |_,

C1. 3 C-Si Steel !

~TEllf8- Gr TP405 17Cr-IA1
~~

__
EIrlF4To 13Cr
Gr TP429 15Cr

~

Gr TP430 17Cr~

_ Gr TP446- 27Cr

~TEflIT Gr A C Steel
~~ -

- Gr 8 C Steel
~

Gr C C Steel 4

,
Gr D C Steel

,.

~3K-785 -Gr A C Steel
"'

~~

Gr 8 C 5 teel
_ _ Gr C C Steel, _ _ _ ,

~36-796 C-Mn-Si Stee1_ _ .

~T5-302 Gr A Mn-l/2Mo
~

~~~~

,
Gr 8 Mn-1/2Mo
Gr C Mn-l /2Mo-1/2Ni
Gr D Mn-1/2Mo-3 /4Ni

, _. _

l'

a

A-ll4

- - ._. .._._. .. _ __ - - . ._. .. _ _ _. . _. .. _. .
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ASME Specification I
-

Grade, Type. Generic Nominal Composition i

Number or Class Designation Designation

5A-3u/ Gr u C3teET
- ~ ~ ~

~~TK~TF2 Gr TP3F4 ~1HCr 6fi F ~ ~~ ~ ~ ~~
~

Gr TP304H IECr-81Ti~ ~ ~ ~ ~ ~ <

Gr TP304L ~~ ^18 C r -8 N F ~~
Gr TP304N 18Cr-6fif!fi
Gr TP3D9 '27Cr 17fff

~~~

Gr TP310 2TCr-20Ni
Gr; TP316 ~~ T6CRT2TTT 2Mo ~~~ ~
Gr JP316H ITC r-12 N i -2 Mi~ ~~"

~~ ~~

Gr TP316L '~~172r~-TTrif 2Mo
"~~

Gr TP31EN ~~1TCr-~17tTi~7M6:fr~
Gr TP317 ~ ~ "T66~13TTT~Tl45-

~-- ~~

TP321 18Cr-lTJNi-T i ,

Gr TP371H ~ ~~~ ~ ~ ~1FCr-lHNT TF - - -~~~

Gr TP347 IT3 Cr-I ON i -fli~ ~~ '
~ ~ ~

G~~TF3V H ~ ~ ~ ~ ~1TCr-10Ni-Cb~~

~~~ ~ ~~~~~

Gr TP34H IEFf0tTT Cli-~~-
GTTP3481f~-- 18 Cr -10TIUC[i-~~~~~

~ ~~

Gr TPXMIS 18Cr-18Ni-Zii i

Gr-TPYRI9 77-T3 E ~ ~-~' ~ 77tFT3!!T;5fI. i-~~~~~~
- -- . .---

SA-3f0 G7 LT~ ~ AT51~4T40-~ ~~~TCr 1TliMo
' ~

GrTT6' ~-- AI S T 4137' Icr-lj5Mi-~~~

Gr Lf3~ KITI'T340~ ~ 'T~T74 Ni-3 /TCr-l /41I6
~~~

Gr UT ~ AISI 304 18Cr-8ffi
~~~

Gr B8C TITI T47 18Cr-JONi-Cb
Gr BET KI~sT 37 T ~ laCr-lJtir-Ti

~=

'' ~

Gr BTF A1SI 303Ti-~~'~~18Cr-8Ni
^ ~

Gr B8F AT5F3DME TUF@i'~~~

GTB8M ~~41TF316 .Cr-T7hFffE["~_

~ ~~ ~ ~ ~ ~ ~ ~ ~ ~

~ 5K 325 C 5tF6T
-~

_

-
.. _ . _ _ _ _ _

$

'
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A5ME 5pecification
Grade, lype, Gener ic Nominal Composition

Number or Class Designation Designation

dA-JJJ Gr 1 c-Mn steel
Gr 3 31/2 Ni

-
Gr 4 3 /4 Cr-3/4Ni-Cu-AT ,

Gr 6 C-Mn-51 Steel~ ~

Gr 7 2 1//Ni
Gr-8 SNi
Gr 9 2f;i-lCu

5A-334 Gr 1 C-N. Steel |Gr 3 3 1/2Ni j_

Gr 6 C-Mn-Si Steel i

Gr 7 2 1/2Ni~~ ~

Gr 8 9Ni~

Gr 9 2Ni-1Cu__

SA-335 Gr P1 C-1/2Mo~

Gr P2 1/2Cr-1/2Mo
Gr P5 5Cr-1/2Mo
Gr P5b SCr-1/2Mo-Si, , _ _ _

Gr P5c Scr-1/2Mo-T1
Gr P7 7Cr-1/2Mo
Gr P9 9Cr-1Mo

~

-
Gr P11 1 1/4 Cr-1/2Mo-Si
Gr P12 lCr-l/2Mo

~

~~

~
Gr P15 1 T451-1/2Mo

_. Gr721 3Cr-lMo
~ ~

Gr P22 2 1/4 Cr-lMo

.SA-336 Gr Fl~ C-1/2Mo
Gr F12 1Cr-1/274o
Gr F5/F5a SCTI/2Mo

-

Gr F6/f6a 13Cr
Gr-F21/T71a

''

-;r-1Mo~~

Gr f22/F2?A 2 1/4Cr-1Mo
-

A-116
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ASME Specification
Grade, Type, Generic Nominal Composition

Number or Class Designation Designation

5A-33b Gr FU Albl JU4 10Cr-UN1
Gr - F8M AISI 316 16 Cr-12Ni-2Mo
Gr F8C AISI 347 18Cr-IURI-Cb
Gr F8T AISI 321 18Cr-10Ni-Ti
Gr F25 AISI 310 25Cr-20Ni

5A-350 Gr LF1 C-Mn-Si Steel
Gr LF2 C-Mn-S Steel

~

Gr LF3 31/2 Ni
Gr LF9 2Ni-lCu

i

SA-351- Gr CF3/CF3A AISI 304L 'TECr-8Ni
Gr CF8/CF8A AISI 304 18 Cr-8Hi
Gr CF3M/CF3MA AISI 316L 16 Cr-12Ni-2Mo
Gr CF8M AISI 316 16 Cr-12 N i-2Mo
Gr CF8C AISI 347 18Cr-10Ni-Cb
Gr CH8 25Cr-12Ni
Gr CH2O 25 Cr-12 N i
Gr CK20 AISI 310 25Cr-20Ni
Gr CN7M 28Ni-19Cr-Cu-Mo

SA-352 Gr LCA C-Si Steel ,

Gr LC8 C-Si Steel
Gr LCC C-Si .. eel
Gr LCl C-1/2Mo
Gr LC2 2 1/2Ni
Gr LC3 3 1/2Ni

SA-353 9Ni 9Ni

7 -'354 Gr BB C Steel i

Gr BC C Steel
Gr BD C Steel

.

i

|

i

!
|

|
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~ ASME Specification
Grade, Type, Generic Nomusal Conposition

Number or Class Designation Designat. ion

sa-Jbu cr Jun 16 Lr-8Tir-
Gr 304H ~~ 18Cr-8Ni
Gr 304N 18Cr-8Ni-N
Gr 309 '23Cr-12Ni
Gr 310 2TCr-20Ni
Gr 316 16 Cr-12Ni-2Mo
Gr-316H 16Cr-12Ni-2Mc
Gr 316N 6Cr-12Ni-2Mo-N
Gr 321 llTCr-10Ni-Ti
Gr 347 18Cr-10Ni-Cb
Gr 304L 18Cr-8Ni
Gr 316L 16 Cr-12 Ni-ZMo
Gr 348 18Cr-10Ni-Cb

5A-369 Gr FPA C-51 Steel
Gr FPB C_Mn-Si Steel
Gr FPI C-1/2Mo
Gr FP2 1/2Cr-1/2Mo
Gr FP3b 2Cr-1/2Mo
Gr FP5 Scr-1/2Mo
Gr FP7 7Cr-1/2Mo
Gr FP9 9Cr-lMo

-~

Gr FP11 1 1/4Cr 1/2Mo-Si
Gr FP12 1Cr-1/2Mo
Gr FP21 3 Cr_-l Mo
Gr FP2T" 2 1/4Cr-lMo

SA-372 Cl. I C-Si Steel
C1. 11 C-Mn-Si Steel
C1. III C-Mn-51 Steel
Cl. IV Mn-1/4Mo
C1. V, Type A ICr-1/5Mo_

C1. V, Type B ICr-1/5Mo
C1. V, Type C 1/2Cr-1/2Ni-1/5Mo

,

4

A-118
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ASME Specification
UFade Type, Generic Nominal Composition

Nunber or Class Designation Designation

5A-3/2 c1. Y, type D 1/2cr-177Ni-1/bM6
C1. V, Type E 1Cr-1/SMo
C1. Vill ICr-1/5Mo*

'

SA-376 Gr TP304 18Cr-8Ni
~~~

Gr 1P304H 18Cr-8Ni
Gr TP304N 18Cr-8Ni-N

-

Gr TP316 16Cr I2Ni-2Mo
Gr IP316H 16 Cr:T7ki-2Mo

~~~

Gr TP316N 16 Cr-12 N i-2Mo-N
''

~

Gr TP321 18Cr-10Ni-Ti
Gr TP321H 18 Cr-10N i-Ti

'"~~

Gr TP347 18 Cr-10N i-Cb
Gr TP347H 18 Cr-10N i-Cb
Gr TP348 18Cr-10Ni-Cb

~~5A-387 Gr 2 1/2Cr-1/2Mo
Er 12 1Cr-1/2Mo
Gr 11 1 1/4 Cr-1/2Mo-Si
Gr 22 2 1/4Cr-1Mo~

Gr 21 3Cr-lMo
Gr 5 5Cr-1/2fb

5A-403 WP304/WP304W 18Cr-8Hi
WP304H/WP304HW 18 Cr-8Ni

WP304HF 18Cr-8Ni
WP304L/WP304LW 18 Cr-8Ni
WP304N/WP304NW 18Cr-8Ni-N<

WP309/WP309W 23Cr-12Ni
~

WP310/WP310W 25Cr-20Ni
WP347 /W7347W 18Cr-10Ni-Cb
WP347H/WP347HW 18Cr-10Ni-Cb

WP347HF 18Cr-10Ni-Cb
WP348/WP348W 18Cr-10Ni-Cb

.

A-119
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- A5kE Specification
Grade, Type, Generic Nominal Composition

Number or Class Designation
_

Designation

bA-4U3 WPJ1b/WPJ1bW lbCr-12N1-(Mo
WP316H/WP316HW 16Cr-12Ni-2Mo

WP316HF 16Cr-12N1-2Mo
WP316L/WP316LW 16Cr-12Ni-2Mo
WP3f6N/WP316NW 16 Cr-12N1-2 Mo-N

WP317 18Cr-13Ni-3Mo
WP321/WP321W 18Cr-10Ni-Ti
WP321H/WP321HW 18Cr-10Ni-T1
WP321HF 18Cr-10Ni-Ti
WPXM-19 22Cr-13Ni-SMn

SA-409 Gr TP304 180.-8Ni : s
Gr TP309 23Cr-12Ni .

~

Gr TP310 25Cr-20Ni
-Gr TP321 18Cr-10N1-Ti
Gr TP347 18Cr-10Ni-Cb
Gr TP316 16Cr-12Ni-2Mo

'

Gr TP317 18Cr-13Ni-3Mo
Gr TP348 18Cr-10Ni-Cb,

SA-412- Type XM-19, 72-13-5 22Cr-13N1-5Mn

SA-414 Gr A C Steel
Gr B C Steel
Gr C C Steel
Gr D U-Mn Steel
Gr E C-Mn Steel
Gr F C-Mn Steel
Gr G C-Mn Steel

'

SA-420- Gr WPL6/WPL6W C-Mn.Si Steel
Gr WPL9 2Ni-lCu
Gr WPL3- 3 1/2Ni
Gr WPL8___ 9 Ni

,

t

-- .

. .

A-120
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ASME Specification
Grade, Type, Generic Nominal Composition ,

Number or Class Designation Desianation

bA-424 Gr 1 J/4Cr-1/tN1 Lu
Gr 2 3 /4 Nil /2 Cu-Mo

~ 5A-426 Gr CPI C-1/2Mo
Gr CP2 1/2 Cr-1/2Mo
Gr CP5 5Cr-1/2 Mo
Gr CP5b 5 Cr-172Mo-Si
Gr CP7 7 Cr-1/2 Mo '
Gr CP9 9Cr-lMo
Gr CPll 1 1/4 Cr-l /2Mo |
Gr CP12 1Cr-1/2Mo
Gr CP21 3Cr-lMo
Gr CP22 2 1/4 Cr-lMo
Gr CPCA15 13Cr

SA-430 Gr FP304 18Cr-8TF
~

~

G'r FP304H 18Cr-SNi
Gr FF304N 18Cr-8Ni-N

~~

Gr FP316 16Cr-12Ni-2Mo
*

Cr FP316H 16Cr-12Ni-2Mo
Gr FP316N 16Cr-12Ni-2Mo-N
Gr FP321 1TCr-10Ni-Ti

_

~

Gr FP321H 18Cr-10Ni-T1
~~~~

Gr FP347 18 Cr-10Ni, Cb
Gr FP347H 18Cr-10Ni-Cb

5A-442 Gr 55 C-Mn-51 5 teel
Gr 60 C-Mn-51 Steel

5A-449 C Steel

5A-451 GR CPF8 AITI 304 18Cr-8Ni
Gr CFF8M- AISI 316 16Cr-12Ni-2Mo
Gr CPF8C AISI 347 18Cr-10Ni-Cb

,

A-121
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ASMfSpecification
Grade. Type, Generic Nominal Composition

Number or Class Designation Desianation
, _ _

5A-4bl Gr CPHO 75 Cr -I tNI~
~

Gr CPH2O 2FCr-12td
Gr CPK20 AISI 310 25 C_r-20N i

i

SA-452 Gr TP304H TBCr-8Ni
Gr TP347H 18Cr-10Ni-Cb
Gr TP316H 16 CT-72Ni-2Mo

SA-453 Gr 660 A-286 26Ni-15CP-2Ti
~

Gr 651 13-9 DL 19Cr-9Ni-Mo-W
1

SA-4 55 Type I C-Mn Steel |
Type II C-Mn-Si Steel

5A-479 Type 302 18 Cr-8N i
Type 304 18Cr-8Ni
Type 304H 18Cr-8Ni
Type 304L 18Cr-BNi
Type _304N 18 Cr-8Ni-N
Type 3105 25Cr-20Ni_

Type 316 16 Cr-12 N i-2Mo
_ Type 316H 16Cr-12 Ni-2 Mo
Type 316L 16Cr-12Ni-2Mo
Type 316N 16 Cr-12Ni-2Mo-N
Type 321 18Cr-TONi-Ti
Type 321H 18Cr-10Ni-Ti
Type 347 18 Cr-10Ni-Cb
Type 347H 18Cr-10Ni-Cb

_

Type 348 18 Cr-10Ni-Cb
Type 348H 18Cr-10Ni-Cb
lype 403 12Cr
Type 405 ~T2Cr-)Al
Type 410 13Cr
Type 430 17Cr

A-122
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ASME SpeTification
Grade, Type, Generic Nominal Composition

Number or Class Designation Designation

dA-4/v lype xM-19 zz-u-o zz tr-13 r41 -5Mn

SA 487 C1 IN/10 Mn-V

C1 4N/40 1/2N i-1/2 Cr-1/4 Mo-V
C1 CA15M 13Cr
Cl CA6NM 13 Cr-4 Ni
Cl SN 2 1/4 Cr-lMo

~ SA-508 Cl 1 C-Si Steel
C1 2 /2a 3 /4 Ni-1/2Mo-1/3 Cr-V
C1 3 3 /4 Ni-1/2Mo-Cr-V
C ' 4 /4b 3 1/2 Ni-1 3 /4 Cr-1/2Mo-V

~$A-515 Er 55 C-Si Steel
f Gr 60 C-51 Steel

Gr 65 C-Si Steel
Gr 70 C-Si Steel

SA-516 Gr 55 C-Si Steel
Gr 60 C-Mn-Si Steel

~

Gr 65 C-Mn-Si 5 teel
~

Gr 70 C Mn-Si Steel

- 5A~517 Gr A 1/2 Cr-l /4 Mo-Si
Gr 8 1/2 Cr-1/5Mo-V
Gr D I Cr-1/5 Mo-Si
Gr E 1 3 /4 Cr-1/2Mo-Cu
Gr F 3 /4Ni-1/2Cr-1/2Mo-V
Gr J C-1/2Mo

~

Gr P- 1 1/4Ni-lCr-1/2Mo
_

SA-522 9Ni

SA-524 Gr I C-Mn-Si Steel

A-123
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ASME 3pecification
-

Grade, Type, Generic Norinal Composition
Number or Class Designation Designation

5A-524 Gr 11 C-Mn-51 5 teel

~~3K~533 Gr A Mn-1/2Mo
Gr B Mn-1/2Mo-1/2Ni |

Gr C Mn-1/2Mo-3 /4Ni

~} Gr D Mn -1/2 Ro-1/4 Ni

SA-537 C1 1- C-Mn-Si Steel |
'~ ~~

C12 C-Mn-Si Steel

SA-540 Gr 821 Cr-Mo-V ICr-1/2Mo-V
Gr 822 4142-H 1Cr-lMn-1 Ma ,

Gr 823 E-4340-H 2Ni-3 /4fr '4Mo i

Gr B24 4340 Mod 2 Ni-3 /4 Cr- __['~~~~
' ~

SA-541 C1 1 C-Si Steel
C1 2/2a 3 /4Ni-1/2 Mo-1/3C/IV~
C13 1/2Ni-1/2Mo-V

l

SA-542 C1 1 2 1/4 Cr-IMo
C12 _ . 2 l'/4 Cr-l Mo

SA-553 Type 1 9 Ni
~~

Type II 8 Ni

SA-556 Gr A2 C Steel
Gr 62 C-Si Steel
Gr C2 C-Mn-Si Steel

__SA-557 Gr A C Steel
Gr B -C Steel
Gr C C-Mn Steel

SA-564- Type 630 17-4 PH 17 Cr-4 Ni-4 Cu

!.
L

|-

i

!
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~~A5iiE specification
Grade, Type. Generic Nominal Composition

Number or Class Designation Designation

5A-bd/ C 5 teel

SA-592 Gr A 1/2 Cr-l /4 Mo-Si
Gr E ~1 3 /4 Cr-1/2Mo-Cu
Gr F 3 /4 N i-1/2 Cr-1/2 Mo-V

5A-612 C-Mn-Si Steel

76 Gr 660 A-286 26 N i-15 Cr-2 T1

~ -

~ 645 SNi-1/4Mo -

~ T4 6T9 Cl.1 A 1Cr-l /2Mo
C1. 1 B 2Ni-3 /4 Cr-1/4Mo
C 1. 2 C-Si Steel

5A-660 Gr WCX C-51 Steel
Gr WCB C-Si Steel
Gr WCC C-Mn-51 Steel

5A-662 Gr A C-Mn-Si Steel
Gr B C-Mn-Si Steel

SA-669 18Cr-5Ni-3Mo 3

5A-671 Cr CA55 C Steel
Gr CBB0 C-Si Steel
Gr CB65 C-Si Steel
Gr CB70 C-Si Steel
Gr CC60 C-Mn-Si Steel
Gr CC65 C-Mn-Si Steel
Gr CC70 C-Mn-Si Steel
Gr CD70 C-Mn-Si Steel

A-125
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ASME Specification
Grade. Type, Generic Nominal Composition

Number or Class Designation Designation

dA-6/1 Gr couu 'CTMn-d1 steel
Gr CE55 ---~'C-Mn-Si Steel
Gr CE60 C Mn-Si Steel
Gr CK76 C-Mn-Si Steel
Gr CN 5Ni-1/4Mo

SA-672 Gr A45 L 5 teel
Gr A50 .._ C Steel
Gr A55 C Steel

~ -'

Gr BT5 C-si steel .

'

'

Gr B60 C-Si Steel
Gr B65 C-Si Steel
Gr B70 C-Si Steel
Gr C55 C-Si Steel
Gr C60 C-Mn-Si 5trel

'

Gr C65 C-Mn-51 Steel
Gr C70 C-Mr,-Si Steel
Gr 070 C-Mn-Si Steel
Gr DB0 C-Mn-Si Steel
Gr E55 C-Mn-Si Steel
Gr E60 C Mn-Si Steel
Gr H75 Mn-1/2Mo Steel
Gr HSO Mn-1/2Mo-1/2Ni
G, J80

~~~ Mn-1/2Mo-1/2Ni
Gr J90 Mn-1/2No-1/2Ni
Gr J100 Mn-1/2Mo-1/2Ni
Gr L65 C-1/2Mo
Gr L/0 C-1/2Mo
Gr L75 C-1/2Mo
Gr N75 C-Mn-Si Steel

SA-675 Gr 45-70
._ C Steel

SA-688 Gr TP304 18Cr-8Ni

.

A-126
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A$MT Specification
Grade Type, Generic Nominal Composition

Number or Class Designation Designation
~

5A-686 Gr iFJU4L 16Cr-UN1
~'Gr TP316 16 Cr-12Ni-2Mo

Gr TP316t_ 16 Cr-12 N i-2Mo

SA-695 Type B, Gr 35 C-Mn-Si Steel
Type B, Gr 47 C~R6"-T Steel

SA-596 Gr B C-Mn-Si Steel -
Gr C fjn:siSteel

~~Tf'/U5 - Type 630 17-4 PH V. 4N i-4 Cu
_.

SA-738 C-Mn-Si
~

C-Mn-Si Steel

. --

w-,
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